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PREFACE. 


Although  I  feel  personal  prefaces  are  objectionable,  I  think  it 
due  to  those  who  may  follow  me  in  this  treatise  to  point  out  certain 
limits  of  my  knoHledge  of  the  subject  treated.  I  wiil  therefore  briefly 
state  the  circumstances  under  which  it  was  written.  Earlier  than 
the  past  five  years  I  had  no  intention  of  specially  studying  the 
subject,  and  had  certainly  no  idea  of  writing  upon  it.  I  had  previ- 
ously to  this  period  taken  for  the  amusement  of  my  leisure  an  ex- 
perimental examination  of  the  undulatory  theory  of  light,  which  I 
could  not  satisfactorily  comprehend.  In  following  up  my  experi- 
ments for  two  years  I  found  my  eyesight  impaired,  and  was  advised 
that  it  would  be  necessary  to  leave  these  experiments,  and  also 
close  application  to  reading,  for  some  years,  which  I  did  very 
reluctantly.  One  branch  of  experiment,  somewhat  relative  to  my 
former  studies,  however,  appeared  open  to  me.  The  theory  of  un- 
dulation of  light  was  generally  introduced  to  our  conception  by 
philosophers  by  similitudes  of  the  motions  of  water-waves  and 
sound-waves ;  I  thought  I  would  investigate  experimentally,  as  far 
as  possible  to  me,  to  be  assured  our  conceptions  of  these  motions 
were  Veal,  upon  inductive  principles,  similar  to  those  I  had  been 
employing  for  investigation  of  light  In  this  subject,  taking  no 
preconceived  theory  whatever  for  my  experiments,  I  soon  became 
absorbed  in  observations  of  the  motive  effects  evident  in  the  direc- 
tions taken  by  impressed  forces  in  fluids  under  various  conditions 
;of  resistance;  wherein  it  appeared  to  me  quite  evident  that  there 
yet  an  immense  amount  of  work  to  be  done  in  researches  in 
["motions  of  fluids,  before  theoretical  principles  of  the  sciences 
hydrodynamics  and  acoustics  could  be  fixed  upon  mechanical 
iples  with  any  great  precision.  It  was  therefore  clear  to  me 
n  this  direction  I  might,  if  I  had  the  ability,  enter  upon  fields 
■ch  quite  as  new- as  in  my  former  studies. 

ommencement  of  my  work,  looking  as  briefly  as  I  could 


ks  of  others  in  search  of  purely  mechanical  ideas,  it 

e  that  in  science  with  respect  to  fluids,  as  in  the  earlier 

fcme  sciences  which  have  become  in  our  time  exact,  as 

pnomy  and  chemistry,  too  great  reliance  had  been  placed 

lingenious  tlieoretical  idea  which  was  not  clearly  and 

lupported  by  direct  observations  or  by  experiment,  there- 

i^ily  only  brought  to  bear  on  facts  by  the  introduction 

1  arbitrary  functions ;  whereas  too  little  dependence  had 

I  upon  purely  inductive  methods.     Thus,  to  take  an  in- 

p  philosophy  of  wave  motions,  it  was  in  the  first  place 

ind  naturally  produces  waves  upon  water,  as  we  And 

1  the  surface  of  the  ocean.    Then  from  such  knowledge  it 

r  to  be  most  logical  for  researches  into  the  principles  of 

;,  to  investigate  the  action  of  the  wind  upon  a  liquid  sur- 

is  case,  if  we  obtained  a  clear  perception  of  the  principles 

li,  by  finding  causes  sufficient  io  produce  waves,  it  would 

:  clear  that  the  same  mode  of  action  would  maintam 

'oditced;  and  that  with  this  knowledge,  if  we  could 

Io  far  as  the  production  and  maintenance  of  waves  were 

Hur  ideas  would  be  fairly  complete.     We  might  then,  as 
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motions  at  all  times,  although  most  evidently  in  the  dissipation 
of  impressed  forces  to  equilibrium  upon  the  open  liquid  surface. 

For  the  work  before  us,  wherein  I  hope  some  of  my  ideas  may  be 
accepted,  these  I  anticipate  of  very  different  values.  Thus,  the  first 
three  chapters  are  speculative,  and  even  in  parts  hypothetical ;  they 
are  generally  attempts  to  apply  mechanical  principles  to  hydro- 
statics, and  needed  on  some  points  much  more  leisure  than  I  could 
command.  The  first  chapter  I  felt  necessary,  to  offer  some  theory  of 
the  fluid  condition  that  appeared  to  me  consistent  with  our  acquired 
knowledge  of  matter  and  with  my  experiments,  particularly  to 
account  for  the  rigidity  and  yet  mobility  of  liquid  systems.  In  the 
second  chapter  on  liquid  surfaces  I  have  ventured  to  differ  from  the 
generally  accepted  theory  of  tensile  surface  for  liquids,  founded  on  the 
researches  of  many  great  philosophers,  from  Segner  (1751)  to  Clerk 
Maxwell  My  experiments  have  led  me  to  take  quite  the  oppo- 
site view,  namely,  that  such  surfaces  are  extensile  instead  of  tensile; 
except  for  free  films,  which  are  clearly  tensile  by  the  position  of 
the  attractive  matter  which  composes  them.  This  subject  I  think 
I  may  have  insufficiently  worked  out,  although  my  experiments  in 
this,  as  in  most  other  subjects  taken,  are  ten  times  the  number 
given.  In  the  third  chapter  some  propositions  are  offered  which 
will,  I  am  sure,  need  partial  correction.  In  the  fourth  chapter  and 
onwards  I  think  my  work  is  more  important,  and  this  may  be  taken 
quite  separately  from  earlier  more  speculative  parts.  The  theory 
I  develope  of  rolling  contact  of  fluids  moving  upon  static  bodies 
will  possibly  be  established  by  any  amount  of  further  research. 
With  this,  I  believe  quite  original  work,  I  have  taken  as  great  care 
as  I  was  capable  of.  In  the  fifth  and  sixth  chapters  I  offer  prin- 
ciples of  conic  resistance  in  fluids  which  give  simple  mechanical 
laws  for  the  class  of  motions  sometimes  defined  as  vortices,  eddies, 
and  cyclones.  These  mechanical  laws  may  be  ultimately  shown 
to  be  general,  if  not  the  universal  principles,  upon  which  all  fluids 
move  by  displacement  upon  themselves ;  which  will  open  out  new 
theories  of  fluid  motion.  The  eighth  chapter,  on  resistance  of 
solids,  is  very  incomplete  on  certain  points  for  want  of  sufficient 
research  into  the  works  of  others  and  more  experiment ;  therefore 
it  may  be  considered  to  be  in  a  certain  degree  speculative.     The 
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ninth  chapter,  on  diffusion  of  fluid  forces,  I  believe  to  be  important, 
although  it  may  need  more  experimental  demonstrations  than  I 
have  given. 

In  the  Second  Section,  devoted  to  the  discussion  of  cosmical 
phenomena  in  fluids,  I  have  in  some  parts  of  this  work  followed 
certain  ideas  proposed  by  Lenz,  Herschel  and  Dr.  Carpenter.  By 
further  introducing  principles  of  motions  in  fluids  that  I  have  dis- 
covered, I  am  able  to  propose  certain  universal  systems  of  motion 
for  fluids  upon  the  globe;  consistent  with  the  distribution  of  land 
and  water  as  it  exists,  and  at  the  same  time  such  as  will  constantly 
influence  this  distribution.  I  have  some  hope  that  these  researches 
may  aid  in  the  elevation  of  the  sciences  of  physical  geography  and 
meteorology,  now  sciences  of  observation,  to  sciences  of  principle,  to 
rank  at  some  future  period  with  such  exact  sciences  as  astronomy 
and  chemistry,  and  that  the  principles  proposed  may  be  of  some 
value  also  to  systematic  geology.  I  have  no  doubt,  however,  that 
my  propositions  will  need  much  future  correction  to  adapt  them 
to  local  circumstances,  and  altogether,  I  consider  my  efforts  only 
the  commencement  of  systematic  work  in  this  field  of  research. 

For  the  Third  Section,  on  Waves,  after  making  many  experiments, 
I  found  my  experimental  inferences  agree  most  nearly  with  ideas 
first  published  by  M.  Flaugergues  in  the  Journal  des  Sfavans,  1789. 
His  principal  experiment  is,  however,  very  rough,  namely,  the 
striking  of  a  liquid  surface  with  a  copper  rod  to  generate  waves.  But 
his  separation  of  the  functions  of  protuberances  and  hollows  appears 
to  me  most  rational  to  observation.  Following  these  ideas,  and 
endeavouring  to  refine  the  like  experiments,  I  fell  into  a  track 
which  had  already  been  traversed  without  my  knowledge  by  the 
important  experiments  of  Mr.  J.  Scott  Russell,  of  which  I  had 
fouiid  no  reference  in  any  work  on  hydrodynamics  or  physics  that 
previously  came  to  my  hands.  But  as  I  was  working  for  the 
demonstration  of  principles  only,  I  do  not  regret  the  want  of  this 
knowledge  at  first,  for  if  I  had  possessed  it  at  the  time  it  would 
have  materially  curtailed  the  interest  I  took  in  my  experiments,  by 
which  alone  I  have  attempted  to  study  principles  throughout  this 
work,  and  my  opinions  of  wave  phenomena,  whatever  they  may  be 
worth,  would  have  been  less  original.     I  have,  however,  replaced 


'.   Russell's  work  for  my  own  where  it  appeared   more  demon- 
strative. 

I    have  written   a   Fourth   Section   that   is   really  necessary  to 
complete  my  work — upon  sound  motions  in  fluids;  which  is  with- 
held from  publication,  references  to  which  are   now  unavoidably 
mixed  with  this  matter.     This  part  was  written  in  continuation 
of  wave  motions.     I  think  it  may  perhaps  be  an  important  part, 
having  devoted  much  time  to  it,  but  I  commenced  it  first,  and 
completed  it  before  the  important  inventions  of  Telephones  by 
Pr<rfl  A,  Bell,  and  its  congeners  the  Phont^raphs  and  Microphones 
were  discovered,  which  instruments  I  have  not  had  much  time  to 
consider,  but  think  they  will  under  experiment  materially  assist 
me  in  demonstration   of  the  principles   introduced.     I    therefore 
drfer  the  matter  of  sound  motions  in  fluids  for  a  year  or  two  to 
repeat  my  experiments.    Some  of  the  propositions  of  the  first 
chapter  were  specially  written  in  reference  to  sound  motions,  as  in 
the  theory  adopted  I  thought  it  necessary  to  assume  a  condition  of 
^mscent  equilibrium  for  fluid  molecules  to  demonstrate  the  action 
of  compound  sounds.   This  would  possibly  not  have  been  necessary 
for  the  proposition  here  given  of  the  ordinary  motions  of  fluids. 
Fuither,  in  omitting  the  fourth  section,  I  was  compelled  to  with- 
^Id  a  proposition  relative  to  conditions  of  static  in  comparison 
wth  motive  equilibrium  of  molecular  motions  in  fluids,  in  the  first 
chapter,  which  would  have  been  incomprehensible  without  further 
dwelopment  in  the  fourth  section  on  sound ;  I  feel  this  withdrawal 
kaues  the  first  chapter,  now  condensed  from  what  was  formerly 
hro  chapters,  in  a  certain  degree  abrupt  and  incomplete. 

My  work  is  thrown  into  propositions,  which  is  perhaps  a  rather 
pcmpous  style  for  such  a  work,  but  I  mean  by  these  only  some 
tbings  proposed.  I  adopted  this  system  as  it  appeared  to  give 
IK  liberty  to  offer  speculative  ideas  freely,  and  at  the  same 
to  keep  them  in  more  concrete  form,  which  was  necessary  for 
intermittent  work  as  I  was  able  to  carry  on  when  leisure 
'tted.  I  intended  at  first  to  use  these  propositions,  which 
iiely,  notes  made  in  presence  of  my  experiments,  only  as  a 
g  to  erect  my  ideas,  intending  to  remove  this  entirely 
completed  my  book,  supplying  its  place  by  some  more 
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modern  form  of  writing,  but  I  found  this  would  be  more  difficult 
and  tedious  than  anticipated,  so  that  I  now  leave  it  in  its  rough 
state,  and  must  therefore  depend  for  my  readers  on  the  smaller 
number  who  look  at  things  rather  than  forms.  Further,  I  have 
not  for  the  same  reasons  attempted  quantitative  or  numerical 
deductions,  except  in  a  few  cases,  as  I  am  sure  this  may  be  done 
better  when  my  ideas  are  proved  or  disproved,  as  it  would  also  be 
better  done  by  others  who  possess  superior  educational  advantages 
over  myself.  Altogether  I  propose  my  work  as  a  primitive  sketch 
of  the  subject  from  which  I  anticipate,  perhaps  vainly,  that  more 
perfect  work  may  be  reared  at  a  future  time  by  some  highly  edu- 
cated mathematician  who  may  care  to  follow  me,  and  clothe  with 
his  skill  the  rude,  although  I  believe  natural,  underlying  forms 
that  I  have  brought  in  some  cases  to  light 

I  hoped,  when  my  work  was  complete  in  its  present  form,  to  have 
obtained  the  assistance  of  some  well  read,  or  well  instructed  student 
to  edit  it  for  me,  but  after  a  great  amount  of  correspondence,  failing 
in  this,  I  endeavoured  to  get  my  proofs  read  from  press  by  some 
eminent  men  to  whom  I  thought  the  originality  of  my  researches 
might  be  of  sufficient  interest  In  this  matter  I  partially  succeeded, 
and  am  greatly  indebted  for  valuable  occasional  critical  notes  to 
the  kindness  of  Prof.  F.  Fuller,  who  read  my  first  proofs  of  chapters  I. 
to  VII.  inclusive,  also  chapter  X.  I  am  also  indebted  to  Prof. 
Stokes,  who  only  gave  me  a  very  conditional  promise  of  help  at 
commencement,  for  valuable  critical  notes  on  parts  of  chapters  I. 
and  III.  If  I  could  have  obtained  a  little  more  assistance  of  .this 
kind,  there  is  no  doubt  my  work  would  have  been  of  much  greater 
interest,  and  I  could  have  avoided  many  faults.  I  am  also  indebted 
to  Prof.  Hay  for  some  logical  and  grammatical  notes,  and  for  assist- 
ance with  the  index. 
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EXPERIMENTAL  RESEARCHES 

IN    THE 

PROPERTIES  AND  MOTIONS  OF  FLUIDS, 

AND 
THEORETICAL    DEDUCTIONS    THEREFROM. 


SECTION       I. 

THEORETICAL   CONDITIONS  OF   THE  FLUID  STATE  AND   MOTIVE 
PROPERTIES  OF  FORCES  IN  FLUIDS. 

CHAPTER  I. 

PROPERTIES   OF   THE  FLUID   STATE   OF   MATTER. 

1.  Introduction. — a.  Sir  John  Herschel  tells  us  that  "  If  there  be 
one  part  of  dynamic  science  more  abstruse  and  unapproachable  than 
another,  it  is  the  doctrine  of  propagation  of  motion  in  fluids,  and 
especially  in  elastic  fluids  like  the  air,  even  where  the  amount  and 
application  of  the  original  acting  forces  are  known  and  calculable." 
This  was  written  at  a  time  when  contemporary  science  regarded 
fluid  as  inert  matter  which  moved  only  as  it  was  moved  by  exterior 
forces,  so  that  the  directions  and  values  of  these  forces  only  were  to 
be  considered  as  active  upon  mobile  mailer  in  perfect  equilibrium. 
By  our  modem  dynamic  theories  of  fluids  we  assume  that  the 
molecule  of  a  fluid  is  active,  and  is  never  at  rest  in  a  state  of  equili- 
brium. Therefore  the  difficulty  of  research  in  motive  forces  in 
fluids  under  the  impression  of  exterior  forces  becomes  almost  in- 
definitely greater,  as  we  have  now  not  only  to  consider  movements  by 
Efhe  impression  of  forces  upon  the  molecule  in  a  position  of  cquili- 
;  but  we  have  to  consider  its  movements  in  composition  with 
■  tr  motions  that  exist  already  within  its  highly  motive  matter;  and 
ugh  there  may  be  a  general  equation  of  the  sum  of  these  move- 
any  system  of  motion  assumed  to  progress  from  molecule  to 
only  will  be  irr^^Iar  both  in  its  velocity  and  in  its  course. 
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These  difficulties  appear  to  me  to  be  so  great  that  I  cannot  pretend  to 
any  powers  to  meet  them.  I  therefore  feel  bound  to  follow  the  track  of 
all  writers  upon  acoustics,  hydrodynamics,  and  chemistry  in  consider- 
ing the  atoms  or  molecules  of  fluid  matter  to  be  by  some  cause  in 
a  state  of  sensitive  equilibrium,  and  motive  only  so  far  as  experi- 
ment alone  indicates;  at  the  same  time  it  must  impressevery thought- 
ful man  who  follows  the  evidences  of  his  times  that  there  exists  a 
perfect  continuity  of  equivalence  for  the  conservation  of  all  forces, 
although  these  admit  only  of  observation  under  special  motive 
forms.  This  I  believe  was  first  ably  pointed  out  by  Sir  W.  Grove 
in  his  Correlation  of  Physical  Forces;  but  it  is  further  developed 
almost  to  a  certainty  by  the  careful  researches  of  Dr.  Joule  for  pos- 
sibly the  most  difficult  case  of  correlation,  namely,  that  between 
mechanical  forces  and  the  action  of  heat  It  nevertheless  does  not 
appear  in  this  last  case,  any  more  than  in  others,  equally  certain  that 
such  forms  of  impression  of  force  as  we  may  produce  mechanically 
shall  be  reproduced  by  like  forms  as  heat ;  for  in  this,  mechanical 
forces  themselves  may  be  converted  into  other  forms,  as,  for  instance, 
the  direct  impulse  of  the  clapper  of  a  bell  produces  in  the  bell 
vibration,  and  in  the  air  sound  motion ;  further,  we  have  no  possible 
evidence  of  any  molecular  motion  whatever,  so  that  we  may  have 
by  equivalence  of  energy  a  dynamic  unit  represented  by  any  force, 
as  by  a  pressure,  a  vibration,  a  free  trajectory,  or  otherwise. 

b.  The  diffusion  and  pressure  of  gases  by  assumed  locomotive  or 
trajectory  forces  in  free  molecules,  founded  on  theories  of  Clausius 
and  Clark  Maxwell,  present  to  the  mind  a  very  cogent  theory  for 
the  action  of  heat  in  these  bodies.  But  the  existence  or  presence 
of  such  free  motions  appears  to  my  mind  to  entail  immense  diffi- 
culties for  the  relative  consideration  of  other  forces,  as,  for  instance, 
in  our  most  exact  science  of  chemistry,  where  the  motions  of  atoms 
become,  if  anywhere,  most  evident,  and  the  atoms  of  matter  in  com- 
bination and  dissociation  appear,  as  far  as  outward  evidence  is  con- 
cerned, either  to  approach  or  to  recede  once  only;  the  same  observa- 
tion will  apply  to  forces  of  cohesion  and  of  diffusion.  It  appears 
also  that  a  state  of  equilibrium  for  every  particle  is  required  by  our 
theories  of  the  motion  of  sound  in  air,  where  the  molecular  equili- 
brium is  generally  assumed  to  be  perfect  and  highly  sensitive,  as  in 
Lord  Rayleigh's  important  work ;  or  for  such  experimental  cases  as 
those  considered  by  M.  Plateau  in  his  eminent  work,  Statique 
cxpMmentale  ct  ih^orMque  des  Liquids  soumis  aux  scules  forces  moh^' 
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a/aircs,  for  capillary  and  other  conditions  of  assumed  equilibrium. 
There  is  no  doubt  that  under  the  condition  of  perfect  equilibrium, 
a  particle  would  be  motive  by  the  constant  active  presence  of  exte- 
rior forces;  but  as  these  forces  would  be  exterior  only,  they  would 
be  subject  to  general  laws  of  impression  only. 

f.  Upon  the  above  conditions  it  appears  to  me  that  some  of  the 
<Miailtks  of  conception  of  a  possible  sensitive  equilibrium  of  the 
moiecule,  as  it  appears  experimentally  to  exist  in  fluid  matter, 
nay  be  met  in  that  the  same  value  of  the  dynamic  unit  of  forces 
may  be  found  either  in  any  form  of  motion  or  in  the  static  con- 
servation of  its  force.  This  last  has  been  compared  to  the 
conservation  of  energy  in  bent  springs,  which  has  been  applied  to 
cases  wherein  active  forces  appear  to  be  lost,  as  where  heat  forces 
become  latent.  Such  cases,  it  appears  to  me,  may  be  realized  by 
assuming  certain  physical  conditions  in  the  coitstructiott  (if  I  may 
so  term  it)  of  the  atom  or  smallest  part  of  matter.  For  this  I  shall 
offer  some  ideas,  partly  only  original,  to  support  the  conditions  of 
cn^iy  and  of  equilibrium  of  the  particle,  as  it  is  established  by  the 
doctrine  of  position  relative  to  attractive  forces,  or  of  potential 
'^'^gy,  wherein  a  particle  raised  or  pressed  to  a  static  position 
by  a  force  that  acts  inversely  to,  and  exceeds  its  attraction  to 
other  matter,  may  cause  the  particle  to  rest  in  or  about  this  new 
jfiWir  position,  from  which  it  may  react  at  another  time  with  force 
fiqual  to  that  employed  in  its  original  elevation  or  pressure.  This 
•natter  I  find  most  clearly  and  ably  discussed  by  Dr.  Balfour  Stewart 
in  his  work  on  Elementary  Physics,  §§  i  oo,  240,  &c. ;  however,  I  shall 
confine  these  speculative  matters  entirely  to  the  first  chapter,  as  I 
hire  my  hypothetical  ideas  of  molecular  forces  in  fluids  to  be  quite 
JKondary  to  the  purposes  of  this  work;  I  will  also  endeavour  to 
twat  this  part  of  my  subject  in  all  cases  as  briefly  as  possible. 
S.  Fluidity  of  Bodies. — a.  Perhaps  the  most  simple  definition 
}^ptidity  would  be  that  derived  from  the  Latin,  for  which  we  may 
vtfiuens  or  Jluidus,  which  words  will  particularly  indicate  the 
1  property  in  a  body  oi flowing.  Taking  this  definition,  and 
CJving  a  fluid  body  to  be  alike  in  all  its  parts,  and  that  these 
kare  coherent  to  each  other,  which  appears  physically  to  be  the 
•on  of  all  conceivable  matter,  we  may  then  clearly  define  a  fluid 
vneous  matter  t/iat  can  flow  in  continuous  mass. 

tis'  manner  we  take  the  fluidity  of  a  body  to  be  its  physi- 
of  flowing  simply  as  here  proposed,  which  will  be  in 
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every  way  convenient  for  this  treatise,  then  this  property  of  fluidity 
will  be  a  relative  quality,  dependent  upon  the  facility  with  which 
the  constitution  of  the  body  permits  it  iojlow  from  any  cause,  that 
body  being  considered  to  be  the  most  fluid  that  can  flow  under  the 
impression  of  the  smallest  amount  of  applied  force.  Under  this  con- 
dition, if  we  make  no  special  definition  of  the  mode  in  which  the 
force  is  to  be  applied,  we  may  include  in  our  considerations  all 
forces  possible  to  affect  the  flowing  or  fluidity  of  the  body.  There- 
fore these  forces  may  be  interior  or  intermolecular,  or  be  applied 
exteriorly,  as,  for  instance,  the  force  that  produces  the  fluidity  of 
a  body  may  be  generated  by  intermolecular  repulsion  by  heat,  or 
by  electricity,  if  such  forces  cause  molecular  repulsion,  as  they 
appear  to  do,  or  by  molecular  vibration,  as  supposed  by  some,  or 
percussion  and  recoil  of  free  trajectories,  if  it  is  possible  that  mole- 
cules can  possess  such  forces  in  continuity.  The  fluidity  may 
otherwise  appear  as  an  eff*ect  of  exterior  forces,  as  by  the  action  of 
gravitation  pulling  the  molecules  in  mass  systems  to  a  level  surface, 
thereby  inducing  equal  gravitation ;  or  by  pressures,  as  in  the  coin- 
ing of  metals,  in  which  case  otherwise  rigid  solid  bodies  flow  into 
the  interstices  of  a  mould.  Under  the  impression  of  extre9ne  ex- 
ternal pressures  every  form  of  matter  might  be  demonstrated  to 
possess  some  small  functions  of  fluidity  or  of  flowing,  the  quality 
here  defined. 

c.  Taking  the  above  conception  of  fluidity,  it  becomes  evident 
that  when  we  endeavour  to  define  the  exact  limits  of  flowing 
quality  which  we  may  think  to  be  sufficient  to  qualify  a  body  as  a 
fluid,  there  will  appear  at  once  to  be  a  difficulty  in  defining  the 
exact  amount  of  the  flowing  quality  in  which  this  definite  form 
of  matter  should  be  considered  to  commence.  This  we  may  con- 
ceive, in  that  it  would  not  be  an  extremely  diflScult  task  taking  all 
known  bodies,  simple  and  compound,  to  arrange  them  in  a 
long  consecutive  series  'upon  the  principles  here  given  of  the 
flowing  quality  alone,  that  the  scries  might  extend  proportionally 
to  the  fluidity  each  material  possessed  from  the  most  attenuated 
gas  to  the  densest  solid  at  some  temperature  taken.  To  follow  the 
conditions  of  this  idea  we  might  take,  for  argument  sake,  the  fluidity 
of  bodies  that  we  might  imagine  would  rest  at  the  extreme  ends  of 
such  a  relative  series;  say,  for  instance,  a  Sprengcl  pump  vacuum 
off"  hydrogen  for  the  most  fluid  end,  and  steel  for  the  opposite  most 
solid  body  in  which  we  could  trace  elements  of  fluidity.   The  part  of 
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where  a  body  cou\AjiistJlow  to  a  level  surface  under  tlie 
action  of  gravitation  upon  its  parts  might  be  possibly  near  the  centre; 
we  will  assume  that  in  this  centre  the  mean  proportional  body  may 
be  represented  by  treacle.  Then,  in  this  case,  for  the  definition  of 
a  fluid  we  might  conceive  of  the  whole  series  we  have  arranged, 
thai  on  one  side  of  this  central  line  all  bodies  would  be  solids,  and 
on  the  otiier  all  fluids,  In  this  case  wc  should  certainly  find 
that  wben  we  came  more  particularly  to  examine  the  division  we 
had  made,  that  on  either  side  of  our  selected  line  we  should  have 
bodies  that  differ  very  little  from  the  one  we  have  taken,  say,  for  in- 
stance, in  this  case  that  we  have  next  the  treacle,  towards  the  solid  end 
of  our  series,  a  mass  of  the  kind  of  resinous  turpentine  that  exudes 
from  the  spruce  fir,  and  on  the  fluid  side  some  mountain  honey.  By 
taking  these  instances  it  is  very  clear  the  line  we  have  chosen  is  in 
no  way  marked  for  its  special  fluid  qualities  from  other  matter.  If 
w  had  taken  a  point  much  higher  in  our  series,  say  copper,  which 
willjfiw  readily  in  all  the  interstices  of  a  die,  under  the  pressure  of 
a  coining  press,  as  a  perfect  liquid  would  by  gravitation  simply,  in 
dis  case  we  might  have  in  our  series,  towards  the  solid  end,  say 
brass,  which  viovXAJlow  less  easily,  and  on  the  fluid  side,  say  pewter, 
that  would  flow  more  easily  into  the  die  under  pressure.  It  will  be 
^ssily  conceived  that  the  same  proportional  quality  of  fluidity  might 
occur  in  any  other  part  of  our  series  that  we  might  select  for  the 
division  of  bodies,  fluid  from  solid. 

i  For  another  instance  of  the  fluid  properties  of  bodies  we  may 
take  the  action  of  the  separating  force  heat,  evidently  the  most 
general  cause  of  fluidity.  This  we  find  expands  most  bodies  in 
'Pproximately  equal  ratio  to  the  temperature  over  a  certain  wide 
Inge,  the  fluidity  increasing  in  some  cases  proportionally  to  the 
expansion.  Take  for  instance  glass.  This  when  cold  forms  a  dense 
fcooiogcneous  mass,  but  as  we  apply  heat  after  a  certain  point  it 
s  gradually  through  all  the  d^rees  of  visible  fluidity  until  it 
■s  as  a  limpid  liquid,  without  any  definite  point  of  change  from 
lesolid  to  the  fluid  state. 

I* The  value  of  these  considerations  is,  that  fluidity  may  be  taken  to 
||ieiy  general  physical  property  of  matter  in  some  degree,  and  this 
«t  to  us  a  road  to  experiment  in  some  instances,  wherein  we 
w  inferences  from  the  properties  of  motion  in  homogeneous 
s  such  motions  can  be  followed  that  may  be  applied  in 

fluids,  bearing  always  in  mind  that  it  is  the  relative 
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Irty  only  of  these  bodies  that  we  follow.     This  principle 
Iken    advantage   of   in   this   treatise   for  a  few   experi- 


J  return  to  our  imaginary  proportional  series  of  bodies 

from  the  most  mobile  fiuid  to  a  dense  solid,  perhaps  the 

line  that  could  anywhere  be  drawn  would  be  between 

1  gases,  as  the  gas  appears  to  assume  verj'  generally  a 

Ithat  of  power  of  unlimited  atlamatiou.     But  in  this  the 

-xperiments  of  Andrews  and  other  experimenters  point 

Biat  the  distinction  is  more  apparent  than  real,  and  that 

lundcr  experiment   liquids  and   gases   have   more   pro- 

■ommon  than  the  most  easily  defined  liquids  and  solids 

Kservations. 

Bcomes  most  reasonable  to  consider  upon  the  above 
las  is  generally  assumed  to  be  the  case,  that  the  perfect 
liidity  docs  not  exist  in  any  material  body;  all  fluids 
I  to  be  in  different  degrees  cohesive,  viscid,  plastic,  and 
f  sessing  internal  construction  of  parts,  or  chemical  ar- 
which  do  not  admit  of  a  perfect  mobility  of  the 
Irts  which  would  be  necessary  for  the  condition  of  perfect 
;  must  naturally  be  the  case,  as  it  does  not  appear 
Bceive  the  possibility  of  the  existence  of  a  mass  united  by 
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Apparent  Physical  Homogeneity  of  Fluid  Matter. 

S.  Proposition:  T/iai  a  fiuid  is  to  impressed  foia-s physically  a 
henugenteus  system  of  matter.  That  it  is  eomposcd  vf  separate  units, 
whose  forces,  attractive,  repulsive,  or  othcrzvise  motive,  are  equal  in 
each  unit,  and  tliat  in  this  equality  consists  the  apparent  Jwmogmeity. 

a.  By  assuming  perfect  equalfty  of  dimensions  in  particles  of  a 
flui<I,and  of  each  particle  possessing  equal  forces  in  any  system 
composed  of  many  such  particles,  the  separate  particle  being  free 
from  excess  of  attraction,  so  that  it  may  rest  in  a  state  of  sensitive 
««/fl^/rr equilibrium  with  all  external  forces;  then  a  pressure  upon 
one  side  of  the  particle  cannot  exceed  that  of  the  sum  of  the 
pressures  upon  the  opposite  side  without  the  particle  moving  to- 
wards the  minus  pressure,  A  mass  composed  of  such  sensitive 
particles  would  be  a  fluid.  In  the  above  case  it  is  not  necessary  to 
assume  the  particle  as  the  smallest  quantity  of  matter.  It  may  be 
such  a  quantity  or  a  larger  quantity,  provided  the  state  of  equili- 
brijm  is  perfect. 

i.  It  does  not  appear  tliat  the  same  sensitiveness  of  equilibrium 
will  apply  to  the  position  of  any  particle  in  contact  with  a  solid  or 
another  fluid,  as  the  surface  of  the  other  matter  may  possess  a 
system  of  attractive  or  repulsive  forces  that  does  not  conspire  to 
f^ilibrium  at  contact  with  the  first,  so  that  the  equilibrium  at  the 
ineeting  of  distinct  systems  will  be  less  easily  defined,  as  I  will  here- 
after show,  than  the  above. 

t-  By  the  above  conditions  we  may  assume  that  a  fluid  system 
liytlie  equality  of  forces  about  the  particles  will  produce  a  homo- 
goieous  whole,  so  that  any  force  that  has  suflicient  power  to  break 
or  disturb  the  physical  construction  of  one  portion  of  the  fluid 

»wili  also  have  equal  power  over  any  other  portion.     Therefore 

ttction  of  resistance  to  a  moving  body  in  the  fluid  will  be  simply  in 

4e  ratios  to  functions  of  cohesion  of  the  nearest  particles  of  the  mass 

'■•  rfthe  fluid  to  the  moving  body,  and  not  as  a  function  of  the  weights 

■  natter  superimposed,  or  pressing  about  or  above  the  moving 

y  that  is  resisted.     For  in  the  construction  of  a  fluid,  if  we  were 
gine  it  as  a  simple  aggregation  or  admixture  of  equal  detached 

"te  particles  of  loose  free  mobile  matter,  however  small,  not 

/  arranged  upon  a  plan  capable  of  producing  perfectly  homo- 

auilibrium,  or  of  equal  smoothness  in  the  ma.ss,  it  would  be 

►  in  direct   ratio  the  particles  might   be  jambed    to- 
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\vn  by  the  wtjight  of  others  above;  each  particle 

Uatc  identity,  they  would  interlock,  and  the  resistance 

1  of  force  within  the  fluid  would  increase.     This  would 

InabJy  the  case  witli  separate  particles  of  every  form  of 

1  under  the  action  of  gravitation  or  of  pressure,  whether 

hvision.     For  instance,  powdered  chalk  may  be  com- 

vcry  resistant  solid;  or  if  we  were  to  take  a  pile  of 

rs  the  friction  of  moving  laterally  one  of  the  lower 

I  be  nearly  as  the  weights  of  the  sheets  above  it     It 

|ilt  to  be  assured  that  entirely  different  conditions  to 

vith  every  possible  fluid. 
Bpossibly  under  the  influence  of  a  theory  prevalent  in 
Bnth  century — that  a  fluid  was  a  mass  of  detached  par- 
■entable  by  a  mass  of  fine  dust,  motive  or  quiescent, 
Ticctive  functions — ^that  Newton  investifjated  the  pro- 
I  fluid  as  infinitely  fine  matter  endowed  with  repulsive 
2  its  equilibrium,  the  particles  of  which  could  repel 
1  forces  that  were  inversely  as  their  diameters.  In 
■resistances  in  a  single  fluid  were  shown  to  be  as  the 
■  fie  density  of  the  fluid  simply.  The  experiments  offered 
I  arc  to  be  found  in  the  scholium  at  the  end  of  the  seventh 
Bnd  book,  of  the  Priticifiia.     For  our  present  purpose 
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oscillations.  With  this  apparatus,  which  is  said  to  have  been  admirably 
constructed,  he  could  discover  no  difference  of  resistance,  after 
proper  correction  for  the  surface  of  the  wire  was  made,  whether  the 
disk  oscillated  near  the  surface  of  the  water  or  at  a  depth  of  five 
feet,  although  the  difference  of  superimposed  mass,  and  consequently 
pressure,  was  immense.  Perhaps  this  is  the  best  experimental  evi- 
dence that  we  possess  of  the  perfect  physical  homogeneity  or  struc- 
tural equality  that  evidently  exists  in  so  perfect  a  fluid  as  water 
under  great  difference  of  pressure.  I  do  not  think,  however,  that 
this  homogeneity  will  entirely  account  for  the  phenomena  given  by 
Neivton  and  Coulomb,  of  equal  resistance  at  all  depths,  but  it  does 
so  very  nearly.  I  will,  therefore,  supplement  this  by  another  pro- 
position further  on  {g  Prop.). 

Construction  of  Atoms  forming  Fluids  and  other  Bodies. 

4.  Proposition  :   That  a  simple  gas  is  a  fluid  composed  of  atoms, 

or  the  smallest  divisible  parts  of  matter;  these  atoms  being  infinitely 

tough  and  infinitely  elastic  bodies  endowed  with  polar  attractive  forces 

hj  which  they  symmetrically  unite. 

a.  The  atom  may  be  to  human  perception  a  particle  infinitely 

smalL  It  is  said  that  a  tcn-thousand-millionth  part  of  a  grain  of  one 

of  the  densest  bodies,  gold,  can  be  made  a  visible  quantity  to  the 

ey^  and  that  this  quantity  may  be  more  than  multiplied  by  itself  to 

go  to  the  limit  of  detection  of  its  presence  chemically.    So  that  even 

sipposing  this  to  be  the  limit  of  size  for  the  atom,  which  it  evi- 

yis  not,  the  mind  is  lost  in  the  conception  of  it,  even  within 

roanipulatory  range  of  its  smallness.      Nevertheless  the  distinct 

I  diaiacteristics  of  atoms  as  natural  bodies  may  be  made  evident  in 

I  many  ways,  particularly  in  their  power  of  combination  with  other 

i  in  definite  proportions,  which  arc  found  to  be  generally  in 

ll  quantities  or  multiples  of  their  unit  volumes  in  the  gaseous 

It  of  the  body. 

%  It  a  said  to  be  demonstrable  that  a  solid  body,  however  small, 
hby  division  in  parts  that  may  remain  in  partial  contact,  fill  a 
fc  however  great,  so  that  assuming  the  atom  sufficiently  small, 
IS  may  be  a  body  of  atoms  in  contact,  and  in  this  form  possess 
'"bserved  or  much  greater  tenuity. 

ry  known  hard  body  has  an  elastic  surface ;  if  the  atom  has 

Me,  which  deflects  under  pressure  by  some  function  of 

to  the  distance  of  surface  impressed,  or  that  the  deflec- 
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tion  is  inversely  as  the  square  of  the  pressure,  this  deflection 
commencing  upon  contact  by  a  quantity  of  pressure  infinitely  smalL 
The  pressures  to  the  volumes  of  gases  could  as  well  be  accounted 
for  by  this  means  as  by  any  other,  without  the  necessity  of  sup- 
posing the  atom  to  possess  propulsive  forces  or  to  act  where  it  is  not. 
There  is  no  physical  reason  to  assume  the  atom  being  infinitely  hard 
as  is  general :  in  assuming  it  infinitely  tough  and  elastic^  this  would 
equally  insure  its  permanent  durability,  or  it  might  possess  an  in- 
finitely hard  nucleus  and  an  infinitely  elastic  surface,  which  I  think 
is  most  probable. 

d.  It  is  easily  seen  by  the  smallness  assumed  for  the  atom,  that 
a  very  small  absolute  material  deflection  of  its  surface  would 
materially  decrease  the  volume  of  a  physically  measurable  mass. 

e.  The  elastic  surface  forces  of  the  atom  may  be  increased  or  even 
caused  by  heat.  But  it  is  not  necessary  to  assume  that  the  same 
amount  of  heat  force  per  atom  should  produce  an  equal  elastic 
envelope  about  it  There  is  strong  evidence  that  this  is  not  the 
case.  We  know  that  it  takes  a  much  higher  temperature  to  render 
gold  gaseous  than  it  does  mercury,  and  this  a  much  higher  tempera- 
ture than  hydrogen,  whereas  at  the  gaseous  temperatures  of  these 
bodies  the  elastic  forces  may  be  nearly  equal. 

fi  It  appears  to  be  quite  possible  that  the  increase  of  elastic 
force  about  the  atom  caused  by  heat  is  constantly  equal  to  the 
amount  of  heat  present,  so  long  as  the  body  remains  in  the  same 
state,  although  the  general  dimensions  of  the  body  may  indicate 
the  reverse  of  this.  Thus,  the  experiments  of  Arago  and  Fresnel 
show,  that  although  the  exceptional  body  water  increases  in  bulk 
from  4°  Centigrade  downwards  as  well  as  upwards,  by  defect  as  well 
as  by  excess  of  temperature,  that  both  in  the  time  of  its  descent 
while  it  remains  liquid,  and  in  its  crystalline  form  as  ice,  the 
refraction  index  of  light  passing  through  it  increases  at  all  times  in 
ratio  to  the  loss  of  heat,  as  though  the  water  continuously  con- 
tracted, or  that  the  structure  of  the  water  became  more  dense.  In 
this  case  it  appears  to  me  that  we  must  assume  so  far  the  action  of 
polar  forces,  that  the  refractions  are  relatively  proportional  to  the 
molecular  structural  density,  and  irrespective  of  the  molecular  inter- 
spaces shown  by  the  measurable  mass  of  the  outer  volume. 

5.  Proposition  :  Tliat  in  a  gas  the  elastic  exterior  forces  of  the 
atom  may  be  partly  absorbed  at  the  points  of  contact  by  attraction,  and 
form  thereby  a  more  dense  gas,  or  liquid y  or  other  material  body. 
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a.  Two  volumes  of  like  or  of  different  gases  may  form  a  bulk 
equal  to  two  volumes  at  equal  pressure.  In  such  cases  the  atomic 
elasticities  are  assumed  to  remain  about  the  atoms  in  exterior  con- 
tacl,  except  as  they  arc  mechanically  pressed  together;  such  mix- 
lures  we  have  in  the  compound  atmosphere  formed  of  oxygen  and 
nitn^en. 

h.  Compound  gases  may  form  mixtures  at  equal  pressures  which 
are  in  volume  fractions  of  their  separate  volumes,  as  half,  one  third, 
two  thirds,  &c.  Thus  two  volumes  of  hydrogen  and  one  of  oxygen, 
that  is,  three  volumes  united  so  that  they  form  vapour  at  say 
120*  C  occupy  the  space  only  of  Pwo  vohtmes.  If  we  imagine  that 
at  the  point  of  contact  of  the  atoms  of  oxygen  and  hydr<^en  the 
cohesive  forces  of  these  bodies  (which  as  chemical  forces  we  know 
to  be  great)  exceed  or  in  some  way  absorb  the  greater  part  of  the 
inter-elastic  resistance  between  the  atoms,  the  elasticities  that  re- 
main will  be  now  eklerior  only,  or  principally  upon  the  surface  of 
the  tri-unit  molecule  formed  by  the  force  of  combination, 

c  Two  atoms  of  a  gas  may  unite  by  polar  forces,  or  otherwise,  in 
a  similar  manner,  to  form  the  bi-unit  atom  or  molecule,  and  this 
bi-nnit  may  have  exterior  elastic  surface  forces  only  or  principally, 
as  we  may  possibly  presume  from  chemical  combinations  is  the 
case  with  hydrt^en,  chlorine,  and  other  elements.  It  is  possible 
that  atoms  have  polar  points  where  attractive  forces  are  only  or 
mostly  active,  which  are  special  to  the  particular  kind  of  atoms,  but 
that  the  elastic  forces  are  equal  in  all  directions  about  the  atoms. 

d.  As  all  gases  expand  equally  by  equal  increments  of  heat  forces 
from  the  same  temperatures,  it  is  clear  that  the  exterior  elasticities 
here  proposed  will  be  equally  affected  by  heat  for  all  simple 
Uoms,  so  that  all  bodies  in  separate  atomic  conditions  of  4  prop,  e 
ire  tqualfy  elastic  upon  the  atomic  surface. 

e.  It  is  possible  that  heat  may  be  the  entire  cause  of  the  surface 
dastidty  of  the  atom  as  just  proposed.    The  atom  being  without  this 

rArce  infinitely  /lard,  and  infinitely  attractive  to  other  atoms ;  this  is 
stent  with  the  known  properties  of  chemical  attraction  and  of 
t  to  separate  atoms,  that  is,  to  expand  matter.     In  this  case  all 
r  to  be  palpable  must  be  coherent  (attractive)  in  its  parts  in 
of  a  large  amount  of  its  elastic  surface  resistance,  the  sepa- 
Mnic  or  free  elastic  state  being  invisible  in  all  matter.     It 
follow  that  without  heat  all  matter  in  contact,  by  this  as- 
■uld  coagulate  and  become  a  perfectly  dense  solid  mass. 
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umc  the  clastic  forces  equal  about  every  atom  of 
able  condition,  then  the  density  of  matter  will  vary 
attractive  forces  have  power  to  overcome  the  elastic 

ices. 

inie  an  atom  to  possess  a  permanently  elastic  surface 
by  contact  with  another  atom  by  a  very  small  force 
1  distance,   also  that  one  atom  is  attractive  to  the 
.  atoms  of  different  materials  have  different  attractive 

■  atoms,  which  is  entirely  consistent  with  our  chemical 
3  that  the  elastic  surface  compression  of  tlic  atom,  as 
diminishes  in  distance  from  it  in  inverse  proportion  to 
th  which  attraction  increases  between  the  centres  of  the 
1  this  case  it  is  possible  that  chemical  attractions  wilt 

■  directly  proportional  to  the  nearness  that  the  atomic 
their  attractions  approach  each  other  through  the  rc- 
eliUtie  surface;  the  chemical  forces  overcoming  the 

ce  in  few  cases  entirely,  if  in  any. 

i 
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of  atomic  attractions  into  elastic  resistance  per  si,  as  we  may 
naturally  conceive  that  any  mass  may  be  by  further  attractions  of 
its  molecules  rendered  more  or  less  porous  or  crystalline,  or  other- 
wise molecularly  arranged  to  possess  a  different  structure. 

j.  It  will  be  readily  seen  by  the  above  conditions  (g)  that  chemi- 
cal attractions  at  a  certain  temperature  acting  upon  two  atoms  may 
much  exceed  the  elastic  surface  resistance,  or  they  may  be  of  such 
character  that  these  forces  of  attraction  and  clastic  resistance  arc- 
in  equilibrium  by  slight  indentation  of  the  elastic  surface.  In  the 
first  case  the  chemical  compound  will  be  stable,  in  the  second 
unstable. 

k.  Further,  we  may  assume  that  compression,  by  bringing  the 
atomic  centres  nearer  together,  will  strengthen  the  atomic  attractive 
forces  proportionally,  so  that  in  tliis  position  the  attractive  forces 
may  overcome  the  elastic  surface  resistances,  and  form  a  compound 
that  will  be  stable,  or  stable  in  a  certain  degree,  as  a  gas  may  become 
a  liquid  or  a  solid.  This  may  also  be  effected  cither  by  cold,  or 
by  cold  and  pressure^ 

/.  In  a  static  mass  or  compound,  heat  forces  acting  in  opposition 
to  the  attractive  forces  of  the  otherwise  stable  unit  may  increase  the 
elastic  force,  and  separate  the  atomic  centres  for  a  certain  distance, 
that  is,  expand  the  outward  body,  yet  still,  by  the  superiority  of  the 
attractive  forces  the  unit  will  be  to  a  certain  extent  stable  in  its 
expanded  state.  On  the  other  hand,  in  an  unstable  compound 
the  equilibrium  may  be  such  that  any  increment  of  heat  that 
may  instantly  overcome  the  attractive  central  force  will  entirely 
release  the  atomic  elastic  forces.  This  same  effect  may  also  occur 
from  motions  of  freedom  by  release  of  pressure,  or  by  frictional 
separation,  or  by  vibration.  This  is  the  condition  of  unstable  com- 
pounds of  the  explosive  class.  It  is  possible  that  at  some  low 
temperature  every  mass  of  material  is  stable,  and  at  some  higher 
temperature  every  mass  is  unstable. 

tn.  The  attractive  forces  of  the  atoms  of  matter  appear  to  be  dis- 
tinctly different  for  different  elements  with  respect  to  themselves 
and  to  other  atoms,  in  many  cases  the  densest  matter  possessing 
die  strongest  attractive   forces,  as  with  gold  and  platinum.     The 
*~*terial  with  the  strongest  elastic  forces  known  may  possibly  be 
iQgen,  as  this  holds  its  units  powerfully  apart  in  the  atmosphere, 
Toes  not  frequently  enter  into  stable  compounds,  or  form  hard 
^ere  it  is  present  in  relatively  lai^c  quantity. 
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n,  Wlien   an  atom  is   in  such  a  state  of  equilibriuin  with  re- 

.^jiect  to  other  atoms  that  its  elastic  force  t:x£i^:^3^  the  attractive 
'Central  forces  that  surround  it,  it  «~ill  form  oj  stable  a  material  or 
:nass  as  tlu  densest  sclid,  and  the  only  difference  between  this  state 
of  the  body  thus  ionatd  from  that  of  a  solid  will  be  that  compression 
Lipon  its  elastic  exterior  form  will  react  with  equal  force  upon  re- 
moval of  the  compression  it  at  first  received ;  ^ereas  compression 
in  2L  aystcm,  with  great  excess  of  central  attractive  over  elastic 
resistance,  will  increase  the  centr^  attractions,  and  be  less  reactive 
through  elasticity;  this  last  case  may  be  e^-ident  for  the  conditions 
of  a  gas.  and  by  the  next  proposition  it  will  be  equally  so  for  a 
liquid,  which  may  resist  pressure  with  greater  force  than  a  solid  com- 
posed of  the  same  elements  at  lower  temperature: 

o.  If  the  atomic  surface  is  infinitely  tough  and  elastic,  this,  as  here^ 
proposed,  will  give  perfect  elastic  reaction,  and  will  be  a  sufiicientr 
cause  to  preserve  the  atom  as  an  intact  body.     The  absolute  deptlm. 
of  elastic  surface  from  the  entire  size  of  the  atom  mil  be  very  small^ 
or  certainly  not  a  trillionth  of  a  millimetre.      Under  the  ordinary^ 
conditions  of  pressure  of  contact  a  Nisible  elastic  body,  as  india- 
rubber  for  instance,  would  possibly  bear  more  wear  than  any  hard 
body,  and  the  same  would  occur  with  the  elastic  atom. 

/.  As  a  further  condition,  it  is  not  quite  impossible  that  the 
atoms  of  all  matter  are  surrounded  with  an  attractive  atmosphere 
of  another  matter,  ether  or  some  other  body,  but  this  b  not  neces- 
sary to  support  the  theor>'  of  an  elastic,  or,  if  necessar>',  an  infinitely 
elastic  surface  to  the  atom. 

^.  If  the  attractive  forces  between  atom  and  atom  act  by  means  of 
a  material  elastic  envelope  which  is  a  part  of  the  atom  surrounding 
it  within  a  certain  radius,  and  the  forces  of  attraction  are  active  by 
means  of  this  envelope  with  intensity*  vary-ing  inversely  as  the  squares 
of  the  distances  from  centre  to  centre  of  the  atoms,  and  that  this  same 
entire  radius  is  the  extent  of  the  radius  of  the  elastic  forces  surround- 
ing the  atomic  nucleus,  and  that  this  is  active  as  resistance  inversely 
as  the  square  of  the  distance  from  the  surface  of  an  assumed  solid 
nucleus — then  the  atomic  nuclei  of  two  atoms  could  never  touch, 
as  the  powers  of  resistance  would  become  infinite  at  a  point  of 
approach  where  the  attractive  forces  would  only  be  proportional  to 
the  distance  approached  towards  the  centre,  which,  being  occupied 
with  perfectly  dense  matter,  it  could  never  reach. 

r.  The  simultaneous  action  of  attraction  and  elastic  repulsion*of  this 
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n  may  be  roughly  shown  by  the  experiment  of  a  floating 
Mp-bubble  upon  carbonic  acid  gas.  The  attraction  of  the  earth 
dfaws  the  bubble ;  the  elastic  gas  resists  the  attraction,  and  a  point 
of  Equilibrium  is  established  for  the  bubble,  where  it  rests. 

Construction  of  Liquid  Molecules. 

B.  Proposition:  T/iat  a  liquid  molcaik  ddtig- formed  of  atotns,  or 
of  tie  smaiUsl  divisible  units  of  matter,  these  atoms  are  united  by 
folar  or  concretionary  forces  to  form  globular  vwlecules  of  equal 
dimmiotis  among  tliemselves,  which  are  possibly  very  targe  compared 
to  At  separate  aiQins  of  which  they  are  formed. 

a.  As  we  know  that  there  are  solid  bodies  or  masses  composed 
ihrougbout  of  like  materials  or  elements,  it  is  certain  that  there 
must  be  modes  of  attractive  aggregation  by  which  the  large  units 
of  matter  unite  in  some  special  manner  to  form  such  masses.  In 
this  case  the  extreme  elasticity  of  the  atomic  surface  would  be 
■kboibed  to  static  equilibrium  by  the  attractive  forces  of  the  atom, 
liJF  my  theory  of  a  gas  {5  prop.).  Chemistry  furnishes  us  with 
abundant  proof  of  the  union  of  matter  from  such  a  state  of 
division  that  it  is  at  first  invisible,  but  that  it  forms  by  aggregation 
« condensation  liquids  or  solids.  Indeed  matter  in  its  atomic  or 
most  divided  form  appears  universally  to  possess  such  combining 
qualities  unless  these  arc  held  separate  by  other  forces. 

A  By  this  proposition  I   assume  that  if  there  exist  a  mode  of 

atomic  aggr^ation,  the  effects  of  attractive  forces  within  a  definite 

radius  about  separate  centres,  to  which  the  atoms  arc  attracted,  or 

by  which  they  in  any  way  combine  to  form  a  concrete  but  separate 

V^tem,  that  such  a  system  formed  of  separate  equal  small  masses 

'molecules,  by  the  separation  of  parts  caused  by  local  attractions 

a  certain  radius,  would  be  a  mobile  system,  and  in  this  respect 

functions  of  fluidity,  or  it  would  possibly  be  a  liquid. 

If  the  system  of  atomic  aggregation  by  consecutive  attractions 

continuous  upon  consecutive  parts,  or  interlacing  or  out- 

ly  crystalline,  it  will  by  the  mode  of  adhesion  of  its  parts,  or  of 

1  interlocking  with  each  other,  form  a  solid,  or  in  some  instances 

molecular  liquid  first  by  separate  unit  aggregations,  and 

furtlier  aggregations  of  such  units,  a  solid. 

system  here  proposed  for  atomic  aggregation  to  form  a 

.  may  be  continued  in  principle  to  form  liquid  drops, 

an  is  free  from  the  near  cohesive  forces  of  other  liquid 
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n.  When  an  atom  is  in  such  a  state  of  equilibrium  with  re- 
spect to  other  atoms  that  its  elastic  force  exceeds  the  attractive 
central  forces  that  surround  it,  it  will  form  as  stable  a  material  or 
mass  as  t/ie  densest  solids  and  the  only  difference  between  this  state 
of  the  body  thus  formed  from  that  of  a  solid  will  be  that  compression 
upon  its  elastic  exterior  form  will  react  with  equal  force  upon  re- 
moval of  the  compression  it  at  first  received ;  whereas  compression 
in  a  system,  with  great  excess  of  central  attractive  over  elastic 
resistance,  will  increase  the  central  attractions,  and  be  less  reactive 
through  elasticity;  this  last  case  may  be  evident  for  the  conditions 
of  a  gas,  and  by  the  next  proposition  it  will  be  equally  so  for  a 
liquid,  which  may  resist  pressure  with  greater  force  than  a  solid  com- 
posed of  the  same  elements  at  lower  temperature. 

o.  If  the  atomic  surface  is  infinitely  tough  and  elastic,  this,  as  here 
proposed,  will  give  perfect  elastic  reaction,  and  will  be  a  sufficient 
cause  to  preserve  the  atom  as  an  intact  body.  The  absolute  depth 
of  elastic  surface  from  the  entire  size  of  the  atom  will  be  very  small, 
or  certainly  not  a  trillionth  of  a  millimetre.  Under  the  ordinary 
conditions  of  pressure  of  contact  a  visible  elastic  body,  as  india- 
rubber  for  instance,  would  possibly  bear  more  wear  than  any  hard 
body,  and  the  same  would  occur  with  the  elastic  atom. 

/.  As  a  further  condition,  it  is  not  quite  impossible  that  the 
atoms  of  all  matter  are  surrounded  with  an  attractive  atmosphere 
of  another  matter,  ether  or  some  other  body,  but  this  is  not  neces- 
sary to  support  the  theory  of  an  elastic,  or,  if  necessary,  an  infinitely 
clastic  surface  to  the  atom. 

^.  If  the  attractive  forces  between  atom  and  atom  act  by  means  of 
a  material  elastic  envelope  which  is  a  part  of  the  atom  surrounding 
it  within  a  certain  radius,  and  the  forces  of  attraction  are  active  by 
means  of  this  envelope  with  intensity  varying  inversely  as  the  squares 
of  the  distances  from  centre  to  centre  of  the  atoms,  and  that  this  same 
entire  radius  is  the  extent  of  the  radius  of  the  elastic  forces  surround- 
ing the  atomic  nucleus,  and  that  this  is  active  as  resistaiice  inversely 
as  the  square  of  the  distance  from  the  surface  of  an  assumed  solid 
nucleus — then  the  atomic  nuclei  of  two  atoms  could  never  touch, 
as  the  powers  of  resistance  would  become  infinite  at  a  point  of 
approach  where  the  attractive  forces  would  only  be  proportional  to 
the  distance  approached  towards  the  centre,  which,  being  occupied 
with  perfectly  dense  matter,  it  could  never  reach. 

r.  The  simultaneous  action  of  attraction  and  elastic  rcpulsion'of  this 
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times  so  as  to  mix  the  alcohol  with  the  water,  and  it  be 
then  inverted  so  as  to  leave  the  fine  tube  upwards,  there  will  be 
.  space,  indicating  that  the  fluids  have  decreased  in 
^•oliime  by  admixture  to  this  extent  It  must  be  observed  that 
the  mixture  of  alcohol  and  water  is  not  a  chemical  mixture,  as  by 
applying  heat  the  spirit  will  evaporate  and  the  water  will  be  left. 
In  this  matter  we  could  have  arrived  at  the  same  conclusion  by 
noting  the  separate  specific  gravities  of  absolute  alcohol  and  of 
mter,  and  finding  the  difference  of  specific  gravity  in  the  mixed 
compound,  but  this  experiment  shows  the  conditions  more  clearly. 
The  compressibility  of  fluids  is  possibly  proportional  to  the  porosity 
or  separation  of  the  molecules. 

Some  Evidence  of  Polar  Forces  in  Fluids. 
7.  Proposition  :  That  a  fluid  uudcr  the  action  of  chemical  attrac- 
6»K  which  arc  at  the  time  producing  molectdar  changes  will  diffuse 
Ihidumical  attractions  throughout  tlie  fluid  with  forces  proportional 
If  Ike  polar  or  directive  vigour  possessed  beiweai  the  combined  or  eom- 
piini  molecule  atul  the  more  simple  uucombincd  moleade  that  has  not 
li«»\mder  tlte  special  cliemical  action.  A  liquid  or  a  gaseous  ^stan  will 
ntl  be  in  symmetrical  polar  equilibrium  until  the  chemical  forces  arc 
^triluted  equally  in  all  parts  of  the  mass. 

0-  The  conditions  of  attraction  and  repulsion  (elastic  force),  which 
ultimately  give  static  position  to  a  molecule  in  a  fluid,  may  possibly 
he  best  observed  under  conditions  of  chemical  change.     This  pro- 
i  position  is  introduced  to  give  evidence  of  polar  or  directive  action 
during  this  change. 
k  A  liquid  in  effervescence,  or  in  ebullition,  or  under  chemical 
is  obviously  not  in  a  state  of  symmetrical  equilibrium  as 
for  a  static  liquid  in  the  last  proposition.     There  is  never- 
most  probably  a  constant  tendency  to  equilibrium,  which  is 
or  less  complete  in  parts  of  the  mass,  but  so  long  as  there 
polar  molecular  forces  in  a  system  not  in  attractive  contact 
opposite  polar  forces  in  other  molecules,  the  system  will  be 
lie. 
,t  liquids -possess  polar  forces  of  the  same  kind  as  those  we 
1  a  globular  piece  of  loadstone,  may  possibly  be  best  inferred 
tlon  of  a  corrosive  liquid  upon  a  solid  which  it  has  the 
isolve,  in  cases  where  a  newly  constituted  liquid   is 
1  chemical  compound  of  the  two  bodies  present;  the 
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jns  will  also  apply  where  the  body  is  dissolved  without 

position. 

lace  a  corrosive  liquid  in  contact  with  a  solid  that  it 

adhere  to  and  to  dissolve,  the  solid  will  be  dissolved 
d,  and  the  original  polar  system,  or  cause  of  attraction,, 
ed  the  cohesion  of  the  solid,  will  be  changed  or  dissoci* 
lolar  or  attractive  forces  of  the  liquid.     This  is  clearly 
f  the  corrosive  liquid  has  equal  affinity  in  all  directions 
his  affinity  would  cause  the  liquid  to  unite  to  the  sur- 
ijid.  and  remain  in  this  position  attached  to  it  simply, 

the  surface  of  the  solid  was  completely  attached  to 
id  thereby  covered  by  a  stratum  of  it,  no  other  mole- 
cohesive  liquid,  for  want  of  space  to  approach,  could 
act  with  it     It  is  possible  that  this  really  occurs  in 

as  with  silver  in  hydrochloric  acid,  zinc  under  aerial 
~.     But  for  the  solution  of  a  solid  body  in  a  liquid-it  is 

only  that  the  molecules  of  the  corrosive  body  should 

to  unite  with  the  solid,  but  that  this  adhesion  should 
istant  possess  some  mode.  0/  force  by  which  the  new, 
ncd  by  combination  is  immediately  detached  from  th< 
r  that  another  molecule  of  the  corrosive  liquid  may  be 
>ach  and  to  unite  with  the  surface  of  the  solid  in  the 
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to  be  in  unstable  equilibrium  in  the  liquid,  so  that  it  will  be  driven 
in  like  manner  to  the  first  departure  from  other  molecules  that  have 
not  been  in  contact  with  the  solid,  and  the  neutral  molecule  formed 
after  combination  would  back  out,  as  it  were,  from  the  presence  of  the 
solid  to  permit  the  corrosive  attractive  molecule  to  approach.  This 
being  the  case,  a.  molecule,  after  combination  with  an  atom  of  the 
solid,  would  not  find  rest  in  polar  position  until  it  reached  the  most 
distant  part  of  the  liquid  system  from  the  solid  it  at  first  corroded. 
We  may  conclude,  nevertheless,  that  the  intensities  of  polar  forces 
may  be  very  different  in  tlie  direct  action  of  a  corrosive  liquid  upon 
asoiid  to  the  intermolecular  polarity  in  the  liquid  afterwards,  as  the 
polar  forces  in  the  new  molecule  may  be  very  weak-.  For  many 
reasons,  particularly  from  the  fact  that  dense  compounds  do  not 
mix,  I  anticipate  the  polar  forces  in  a  neutral  liquid  to  be  exces- 
sively weak,  or  even  outwardly  impalpable. 

£.  What  I  infer  from  the  principles  of  the  above,  by  the  condi- 
tions under  which  the  action  of  a  corrosive  liquid  upon  a  solid  forms 
1  new  liquid,  that  is,  a  newly  constructed  molecular  mass,  that  sucli 
■nay  be  the  general  formation  of  other  liquid  molecules  either  of 
simpler  or  more  complex  structure.  The  forces  of  atomic  polar 
cohesion  being  distributed  until  a  symmetrical  liquid  is  formed  pos- 
sessing molecular  polar  forces  which  act  directivcly,  and  produce  its  " 
general  cohesive  and  other  physical  properties. 

k  Under  the  conditions  discussed  above,  the  final  disposition  of 
the  molecules  of  a  liquid  would  be  by  symmetrical  arrangement, 
consistent  with  the  polar  forces  of  its  separate  molecules,  and  this 
would  hold  for  all  static  liquids,  that  is,  liquids  not  under  the  influ- 
ence of  chemical  changes,  as  it  would  hold  also  for  the  liquid  as  soon 
the  chemical  change  ceased.     The  evidence  of  this  being  the 
would  no  doubt  be  difficult  to  prove,  except  by  inference  that 
ly  all  bodies  that  we  are  able  to  observe  in  a  solid  state,  if 
assume  symmetrical  forms  (crystals),  and  it  is  most  probable 
such  symmetrical  form  as  we  witness  in  the  crystal  is  a  con- 
of  like  symmetrical  or  orderly  construction  in  the  liquid 
which  it  is  derived.     In  the  case  of  solids  that  appear  to  be 
leous,  Dr.  Tyndall   has  devised    a  beautiful   experiment, 
the  dissolution  of  the  centre  of  a  pure  apparently  homo- 
block  of  ice  by  the  focus  of  a  burning-glass,  in  which  ex- 
u  the  ice  dissolves,  its  crystalline  structure  is  rendered 
l»e  well-known  forms  of  ice  crystals  that  start  into  view. 
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same  conditions  will  also  apply  where  the  body  is  dissolved  without 
chemical  composition. 

d.  If  we  place  a  corrosive  liquid  in  contact  with  a  solid  that  it 
has  power  to  adhere  to  and  to  dissolve,  the  solid  will  be  dissolved 
into  the  liquid,  and  the  original  polar  system,  or  cause  of  attraction, 
which  produced  the  cohesion  of  the  solid,  will  be  changed  or  dissoci- 
ated by  the  polar  or  attractive  forces  of  the  liquid.  This  is  clearly 
the  case,  for  if  the  corrosive  liquid  has  equal  affinity  in  all  directions 
to  the  solid,  this  affinity  would  cause  the  liquid  to  unite  to  the  sur- 
face of  the  solid,  and  remain  in  this  position  attached  to  it  simply, 
so  that  when  the  surface  of  the  solid  was  completely  attached  to 
the  liquid,  and  thereby  covered  by  a  stratum  of  it,  no  other  mole- 
cules of  the  cohesive  liquid,  for  want  of  space  to  approach,  could 
come  in  contact  with  it  It  is  possible  that  this  really  occurs  in 
certain  cases,  as  with  silver  in  hydrochloric  acid,  zinc  under  aerial 
oxidation,  &c.  But  for  the  solution  of  a  solid  body  in  a  liquid'  it  is 
necessary  not  only  that  the  molecules  of  the  corrosive  body  should 
adhere,  so  as  to  unite  with  the  solid,  but  that  this  adhesion  should 
also  at  the  instant  possess  some  mode,  of  force  by  which  the  new 
molecule  formed  by  combination  is  immediately  detached  from  the 
solid  in  order  that  another  molecule  of  the  corrosive  liquid  may  be 
able  to  approach  and  to  unite  with  the  surface  of  the  solid  in  the 
same  manner  as  the  first  particle  approached  and  united  with  it. 

e.  It  is  necessary  to  complete  the  total  effect  observed,  in  addi- 
tion to  the  causes  offered  above,  for  the  solution  of  a  solid  in  a  free 
liquid,  that  the  corrosive  particles  should  have  a  mode  of  approach 
and  a  mode  of  retrogression,  as  we  find  a  solution  of  a  solid  in  a 
corrosive  liquid  will  often  maintain  the  liquid  in  all  parts  of  approxi- 
mately equal  strength.  Now  if  a  liquid  were  a  homogeneous  system 
without  molecular  construction,  it  would  approach  the  solid  upon 
which  it  acted  en  masse,  and  there  would  be  no  change  of  parts 
except  quite  locally.  It  therefore  becomes  probable  that  the  mole- 
cule of  the  solid,  at  the  instant  it  is  attracted,  has  its  polar  forces 
displaced  at  the  point  of  contact  by  the  more  attractive  polar  forces 
of  the  liquid  molecule,  so  that  now  the  elastic  forces  of  the  solid 
atom  react  and  throw  this  off  the  solid  mass,  to  which  it  was  before 
united  by  the  elastic  forces  set  free  from  polar  cohesion. 

f  We  may  also  conceive  that  by  the  same  system  of  forces  act- 
ing with  less  intensity,  when  the  newly  formed  molecule  is  free, 
that  this  molecule  will  possess  new  polar  forces  which  may  cause  it 
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composed  of  like  matter,  and  that  motive  resistance  would  then 
only  vaiy  as  the  density  of  these  fluids.  That  such  equivalence  of 
principle  exists  in  fluids  I  shall  endeavour  to  show  by  experiment 
u  ve  proceed. 

*.  For  the  principles  of  the  proposition  I  assume  that  the  gas  is  a 
finer  division  of  matter  (as  offered,  4  prop.)  than  the  liquid,  possibly 
itparalely  atomic,  or  united  in  its  free  state  by  weak  polar  or  other 
forces  in  bi-atomic  or  tri-atomic  separate  molecules  (5  prop.),  the 
atoms  being  perfect  solids,  infinitely  tough  and  infinitely  elastic  at 
their  surfaces;  and  that  the  liquid  is  formed  of  molecular  concretions, 
whidi  may  be  crystalline,  conglomerate,  or  otherwise  united,  so  that 
by  absorption  of  elastic  surface  forces  of  the  atom  upon  certain 
[rants  of  contact,  they  are  relatively  to  the  gaseous  matter  lai^e  com- 
bined molecular  masses  (6  prop.).  By  the  present  proposition,  in  the 
construction  of  a  liquid  molecule  the  molecular  aggregate  is  assumed. 
to  be  surrounded  by  an  atmospheric  system  of  gaseous  atoms  which 
3iiadhesive  upon  it  through  the  continuity  of  the  attractive  forces 
diminishing  from  the  centre  upon  which  the  entire  concrete  liquid 
molecule  is  formed.  The  gas  that  surrounds  the  large  liquid  molecule 
inay  be  cither  a  separate  gas,  or  a  gas  formed  of  the  same  materia! 
the  liquid  by  a  difference  onlyof  a  more  open  arrangement  of  the 
atomic  parts,  in  which  case  the  surrounding  gas  may  be  termed  a 
vapour.  This  vapour  being  in  adhesive  contact  upon  the  liquid 
molecule,  a  more  perfect  gas  may  in  some  cases  further  surround  this 
ateriorly. 

6  In  this  theory  of  a  liquid,  it  will  be  seen  that  the  difference  of 
the  sizes  of  the  molecular  concretionary  nucleus,  and  its  more 
ited  surrounding  gaseous  parts,  would  be  alone  sufficient  to 
It  for  the  same  equivalent  mobility  in  a  liquid  system  as  that 
in  a  gaseous  one,  as  tlie  gaseous  system  would  be  exteriorXo 
larger  liquid  molecule.  For  wc  might  in  this  case  either  assume 
the  gaseous  matter,  held  by  weak  attraction  or  cohesion,  acted 
'"fte  freedom  of  its  parts,  caused  by  their  fineness  and  separation, 
I*  lubricant  to  the  motions  of  the  larger  molecule  of  tlie  liquid 
r,  or  that  the  liquid  molecule  _;?('(7/rrt'  as  it  were  in  the  more 
matter  of  the  gas.  Upon  this  principle  the  whole  system 
of  the  liquid  as  before  proposed  would  be  moved  only 
contact  of  solid  parts,  and  the  phenomenon  of  repulsion 
e  a  necessary  principle  to  be  assumed,  or  any  greater 
to  exist  than  the  conditions  of  known  polar  forces 
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I  may  here  remark  that  I  do  not  assume  that  liquid  symmetry  is 
necessarily  or  generally  crystalline.  I  assume  that  this  is  the  special 
condition  of  solidity,  but  that  the  molecules  of  liquids  are  held  in 
position  by  polar  forces  which  arc  equivalent  to  the  same  polar 
forces  that  produce  a  crystalline  or  solid  mass.  The  probable 
symmetrical  forms  of  liquids  I  will  discuss  further  on. 

/.  The  only  known  evidence  that  may  possibly  exist  of  the 
symmetry  of  the  system  of  a  liquid  may  be  inferred  from  the 
similarity  of  effect  upon  light  to  absolute  crystallization  which  we 
witness  in  certain  liquids,  as,  for  instance,  in  sugar  solutions  under 
polarization.  Perhaps  many  liquids  under  severe  tests  would  also 
exhibit  polar  forces  to  light.  In  such  cases  I  presume  the  polar 
forces  are  internal,  and  do  not  affect  the  general  principles  of  attrac- 
tive cohesion  in  the  liquid  molecule,  which  is  exactly  or  very 
approximately  equal  in  all  directions,  and  that  these  polar  forces 
are  no  more  than  sufficient  to  place  the  molecule  in  a  state'  of 
symmetrical  equilibrium  if  free  from  external  forces. 

Uniformity  of  Cause  of  Fluidity  for  all  Matter. 

8.  Proposition:  That  the  fluidity  of  liquids  is  dependent  upon  the 
presence  of  gases,  or  of  liquid  vapours  held  by  attractive  forces  upon 
the  molecular  surface  and  intruded  intcrmolecularly, 

a.  If  every  concrete  molecule  of  a  liquid  (6  prop.)  were  on  a  very 
small  scale  constituted  exactly  as  the  terrestrial  globe  we  inhabit, 
it  would  be  surrounded  by  an  atmosphere  of  gas  or  vapour.     If  we 
imagine  that  the  central  attractive  force  of  such  a  molecule  to- 
wards other  molecules  as  here  imagined  were  very  weak,  say  pro- 
portionally to  its  size  in  relation  to  that  of  the  earth,  then  a  number 
of  such  molecules  thrown  together  in  a  space  free  from  gravitation 
would  each  maintain  its  atmosphere  with  only  slight  impression 
upon  it  by  the  weak  mass  attractive  forces  of  the  other  molecules 
against  it.     This  is  equivalent  to  the  conditions  I  have  imagined 
for  the  atoms  forming  a  gas,  by  these  atoms  being  surrounded  liy  an 
elastic  surface  (4  prop.).    If  we  can  apply  the  same  principles  to  the 
larger  molecule  of  a  liquid  as  the  gas,  assuming  much  greater  central 
density  and  comparatively  larger  central  mass  of  the  liquid  by  atomic^ 
concretion  (6  prop.) ;  then  we  could  conceive  that  there  would  be  uni- 
formity of  motion  in  gases  and  liquids  by  impression  of  like  forces 
upon  or  within  these  fluids  as  regards  the  friction  of  displacement 
of  their  molecular  systems  inter  se  by  their  surfaces  of  contact  being 
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composed  of  like  matter,  and  that  motive  resistance  would  then 
only  vary  as  the  density  of  these  fluids.  That  such  equivalence  of 
principle  exists  in  fluids  I  shall  endeavour  to  show  by  experiment 
as  we  proceed, 

k  For  the  principles  of  the  proposition  I  assume  that  the  gas  is  a 
finer  division  of  matter  (as  offered,  4  prop.)  than  the  liquid,  possibly 
separately  atomic,  or  united  in  its  free  state  by  weak  polar  or  other 
forces  in  bi-atomtc  or  tri-atomic  separate  molecules  (5  prop.),  the 
atoms  being  perfect  solids,  infinitely  tough  and  infinitely  elastic  at 
their  surfaces;  and  that  the  liquid  is  formed  of  molecular  concretions, 
tthidi  may  be  crystalline,  conglomerate,  or  otlienvise  united,  so  that 
by  absorption  of  clastic  surface  forces  of  the  atom  upon  certain 
pointsofcontact,  they  are  relatively  to  the  gaseous  matter  large  com- 
bined molecular  masses  (6  prop.).  By  the  present  proposition,  in  the 
construction  of  a  liquid  molecule  the  molecular  aggregate  is  assumed. 
to  be  surrounded  by  an  atmospheric  system  oi  gaseous  atoms  which 
idksive  upon  it  through  the  continuity  of  the  attractive  forces 
from  the  centre  upon  which  the  entire  concrete  liquid 
molecule  is  formed.  The  gas  that  surrounds  the  large  liquid  molecule  ■ 
may  be  cither  a  separate  gas,  or  a  gas  formed  of  the  same  material 
as  the  liquid  by  a  difference  only  of  a  more  open  arrangement  of  the 
atomic  parts,  in  which  case  the  surrounding  gas  may  be  termed  a 
vapour.  This  vapour  being  in  adhesive  contact  upon  the  liquid 
molecule,  a  more  perfect  gas  may  in  some  cases  further  surround  this 
exteriorly. 

c.  In  this  theory  of  a  liquid,  it  will  be  seen  that  the  difference  of 
the  sizes  of  the  molecular  concretionary  nucleus,  and  its  more 
attenuated  surrounding  gaseous  parts,  would  be  alone  sufficient  to 
account  for  the  same  equivalent  mobility  in  a  liquid  system  as  that 
ittterved  in  a  gaseous  one,  as  tlie  gaseous  sj'stem  would  be  exterior  to 
larger  liquid  molecule.  For  wc  might  in  this  case  either  assume 
'Aat  the  gaseous  matter,  held  by  weak  attraction  or  cohesion,  acted 
^  the  freedom  of  its  parts,  caused  by  their  fineness  and  separation, 
lubricant  to  the  motions  of  the  larger  inolcatle  of  the  liquid 
or  that  the  liquid  nioXccyAe  Jloa ted  as  it  were  in  the  more 
lated  matter  of  the  gas.  Upon  this  principle  the  whole  system 
of  the  liquid  as  before  proposed  would  be  moved  only 
contact  of  solid  parts,  and  the  phenomenon  of  repulsion 
be  a  Necessary  principle  to  be  assumed,  or  any  greater 
•y  to  exist  than  the  conditions  of  known  polar  forces 
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in  fluid  matter  would  warrant.  The  separate  atoms  in  the  gas,  by 
their  smallness  and  interspaces  being  assumed  to  be  arranged  to 
globular  form  around  the  liquid  molecule  would  produce  an  ex- 
tensile elasticity  in  the  liquid  proportional  to  the  number  of  sur- 
faces in  contact. 

d.  For  the  passage  of  molecular  matter  from  a  gaseous  to  a  solid 
state,  and  vice  versUy  it  is  not  necessary  to  assume  the  intervention 
of  the  liquid  state,  or  certainly  not  in  all  cases.  But  it  is  almost 
certain  that  all  matter  may  exist  in  a  gaseous  as  well  as  a  solid  state 
under  varying  conditions  of  temperature  and  pressure.  Of  the 
passage  of  the  gases  directly  from  the  solid  under  atmospheric 
pressure  such  instances  may  be  taken  as  the  evaporization  of  iodine, 
camphine,  ammonia  carbonate,  and  some  other  bodies  wherein  gases 
are  thrown  off  solids  directly  at  low  temperatures.  Under  greater 
pressures,  at  melting-points,  with  the  same  bodies  a  liquid  may  be 
formed  as  a  gas  under  less  pressure,  as  is  the  case  with  arsenic.  It 
is  probable  that  the  liquid  is  generally  a  re-formation,  the  gaseous 
being  the  first  form  of  molecular  separation ;  the  liquid  concretion 
being  by  a  new  arrangement  of  polar  force  (6  prop.)  partly  de- 
pendent upon  the  vapour  pressures  upon  the  evaporating  or  dissolv- 
ing solid.  This  may  be  inferred  in  that  if  the  vapour  forces  are 
removed  as  quickly  as  they  are  formed,  as  in  the  case  of  evapora- 
tion of  snow  in  dry  winds,  the  intermediate  state  of  liquidity  does 
not  intervene.  And  the  same  may  be  inferred -in  the  melting  of 
zinc,  aluminium,  iron,  and  other  metals,  where  these  bodies  inflame 
if  not  retained  by  a  flux  or  by  a  coating  of  their  own  oxides 
sufficient  to  form  a  solid  or  liquid  pressure  immediately  upon  them. 

e.  It  is  further  possible  that  liquids  of  all  kinds  either  form  gases 
by  evaporation  of  their  own  molecules,  or  imbibe  certain  quantities 
of  such  gases  as  may  be  presented  to  them,  as  may  be  consistently 
adherent  to  their  systems.  Mercury,  the  densest  of  all  perma- 
nent liquids  at  ordinary  temperatures,  has  been  found  to  emit 
vapour  at  its  free  surface  sufficient  to  discolour  gold  placed  above 
the  surface.  Faraday  has  shown  that  this  evaporation  occurs  in 
mercury  down  to  a  temperature  of  4**  Centigrade  at  a  sensible  dis- 
tafice  from  the  surface.  It  is  probable  that  vapour  of  higher  density 
exists  at  insensible  distances,  that  fs,  iniennoleadarly  and  upon  the 
immediate  surface  of  the  molecule  of  mercury,  so  long  as  heat  force 
maintains  the  mercury  liquid,  and  probably  after  this. 

/  This  intermolecular  space,  if  I  may  so  term  it,  in  liquids  that 
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to  be  occupied  by  vapours  or  gases  is  possibly  a  nearly 
mnstant  quantity.  This  is  inferred  from  the  quantity  of  gas  that 
aliquid  absorbs,  that  is,  as  I  assume,  attracts  to  surround  its  mole- 
cules, and  is  proportional  to  the  pressure  upon  the  gas.  And  as  the 
density  of  a  gas  varies  approximately  as  the  pressure,  it  follows 
bjrthis  proposition  that  a  given  liquid  ahvajs  absorbs  or  collects 
bythe  radius  of  its  attractive  forces  a  constant  volume  of  gas  per 
rtma,  whatever  the  pressure,  according  to  Dalton's  law:  by  my 
theory  tite  quantity  being  that  represented  by  a  certain  depth  of  gas 
*^n  llu  area  of  tlic  surface  of  the  liquid  molecule. 

g.  Where  a  liquid  by  loss  of  heat  forms  a  solid,  the  solid  so 
Fmned,  although  generally  of  less  bulk,  is  a  body  unlike  the  liquid; 
lie  ga\GTa\\y  cojiipressible  by  small  forces.  In  this  case  I  assume 
Hut  the  perfectly  rigid  solid  atoms  that  formed  the  symmetrical 
gas,  or  the  liquid,  by  structural  arrangement  or  polar  force  about 
the  concretionar>'  liquid  molecule  are  now  crystallized,  as  it  were, 
tipon  the  molecular  surfaces  in  more  compact  form  by  suppression  of 
a  part  of  the  atomic  elasticity  in  the  gas  or  gaseous  envelope,  so 
that  the  atomic  atmosphere  is  now  concrete  upon  the  solid  molecule. 
The  cause  of  the  permanent  atomic  surface  deflection  in  this  case 
heing  derived  from  the  force  of  chemical  attraction  present  by  loss  of 
heat-elasticity,  so  that  what  was  formerly  the  liquid  molecule  is  now 
the  solid  molecule,  the  gaseous  envelope  being  now  deposited  upon 
it;  this  gas  has  therefore  no  longer  the  symmetrically  distributed 
structural  matter,  or  the  force,  to  offer  the  resistance  it  offered  before. 
k  We  can  imagine  that  the  dense  molecular  system  of  matter 
fluta  liquid  is  proved  to  be  under  pressure,  that  if  it  were  formed 
pfQ'sically  of  molecules  of  equal  forms  which  were  as  particles 
^  imX.,  such  an  equal  system  would  form  an  immobile  mass; 
,fcot  if  we  can  conceive  that  such  a  system  can  by  its  molecular 
ions,  or  otherwise,  compound  with  it  another  less  dense  mole- 
system  whose  individual  atomic  forces  are  as  the  diameters  of 
atomic  masses,  that  these  will  disjoint,  as  it  were,  the  equality 
more  rigid  system,  and  cause  its  molecules  to  float  or  move  in 
ic  atmosphere  easily;  the  intervening  gaseous  or  vaporous 
being  by  its  tenuity  more  mobile  than  the  entirely  con- 
y  molecular  one.  In  such  a  form  the  relatively  large 
of  a  liquid  would  be  free,  or  very  nearly  so,  of  polar  forces, 
he  attraction  forces  to  be  satisfied,  and  to  be  equal  in 
n  upon  the  gaseous  envelope. 
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sible  that  by  tlic  gaseous  mtrusioii  which  occurs  m  the 

air  with  water,  that  we  have  water  as  a  very  mobile 

fluid,  at  ordinary  temperatures,  the  air  acting, 

Q     as  berore  mentioned,  as  a  mechanical  lubricant 

//      to    the     larger    molecular    aqueous    system 

//       proper.     However,   this   would   not    exclude 

'/        the  condition  I  propose,  that  water  may  be 

/f          mobile   principally  from  its   large  molecules 

ij          being  surrounded  by  their  own  vapour.    That 

/J           the   fluidity   of    water   depends    in    a    great 

measure  upon  the  presence  of  air,  is  shown 

in  the  researches  of  Donny,  in  his  celebrated 

experiment,  which  is   as  follows:^ — A  clean 

metre  long,  closed  at  one  end,  is  bent  in  its  centre 

ms  two  arms,  inclined  at  an  angle  of  about  60  degrees 

::r.      The  tube    is    for  about   two-thirds  of  its   entire 

with  water,  and    the   open  end  of  the  tube  Is  now 

1  over  with  the  blow-pipe.     The  tube  is  placed  so  as  to 

;ed  end  lowest,  and  in  this  position  the  water  in  it  is 

1  hour  or  more,  so  as  to  expel  as  much  as  possible  of 

s  contained  in  the  water.     When  the  water  in  the  tube 

g,  and  the  space  above  it  is  well  filied  with  steam,  the 

he  tube  is  closed  by  the  blow-pipe,  and  hermetically 

if  it  is  surrounded  by  the  gas,  this  will  produce  an  hydrostatic  pres- 
"  re  about  the  molecule,  so  that  the  vapour  assumed  to  be  nearest 


Fig,  4.— Theoretical  MolecuUr  condition  of  it  liquid, 

to  the  molecule  will  be  absorbed  by  the  molecule,  and  the  gas  only 
femain  surrounding  the  vapour.  Or  if  the  absorbed  gas  be  one 
of  great  adhesive  force  to  the  liquid  molecule,  a  part  of  the  gas 
maybe  liquefied  upon  its  surface  by  near  attraction.  The  system 
proposed  is  shown  diagrammatically  above  of  liquid  concretionary 
molecules.  In  this  illustration  the  molecule  is  supposed  to  be 
surrounded  by  a  vapour  close  to  it,  with  a  general  atmosphere  of 
gas  surrounding  the  entire  system  as  it  would  be  under  pressure. 

i.  Taking  a  purely  hypothetical  view  of  the  subject,  I  do  not 
see  great  improbability  that  this  system  of  gaseous  atmosphere 
about  the  molecule  does  not  extend  to  all  matter  including  solids. 
In  which  case  we  may  conceive  that,  as  the  diamond  is  harder  than 
graphite,  that  this  may  be,  that  its  elastic  surface  force  or  vapour 
force  is  less,  or  was  less  by  near  attraction  through  the  great  pres- 
sure existing  at  the  time  of  its  formation  into  a  set  solid,  thus  giving 
acloser  or  more  attractive  mode  of  atomic  aggregation,  and  a  greater 
suppression  of  elastic  resistance.     In  the  same  manner  a  hydrocar- 
bon may  be  formed  of  a  molecule  of  carbon  surrounded  by  an 
atmosphere  of  hydrogen  partly  condensed  upon  it  to  form  a  liquid 
aa  an  oil;  or  in  another  case,  a  molecule  of  carbon  may  be  sur- 
[    iDunded  with  an  adhesive  atmosphere  of  hydrogen  or  of  oxygen  to 
'I^.Jbnn  a  gas.    This  might  be  true  assuming  carbon  to  possess  ex- 
lijbeinely  small,  extensile,  clastic,  or  evaporative  force  at  the  surface 
Yte  atom. 

'^if.  If  molecules  of  matter,  particularly  plastic  and  liquid  matter, 
■separated  by  vapour  force,  capable  of  a  certain  amount  of  con- 
ation upon  the  molecule,  //«■«  expansions  by  heat  forces  will  be  as 
of  evaporation  of  the  separate  molecules,  and  minus  heat  eon- 
xs  the  powers  of  condensation,  which  are  generally  inversely 
at  a  liquid  or  solid  molecule  at  a  certain  temperature 
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certain  vapour  or  elastic  force  about  itself,  but  at  a 
craturc,  by  the  same  continuous  process,  which  may 
engtliening  of  elastic  forces  at  the  surface  of  its  atom. 
holly  dissipated  as  vapour,  either  in  a  system  of  finer 
vision  or  in  certain  cases  by  heat  forces  and  relief  of 
attraction,  possibly  in  separate   atomic  division;   the 
ms   being   then    held   by   their   own   forces   in  sym- 
ar  positions,    beyond   which  further  expansion  could 

any  amount  of  heat  force. 

construction  of  liquids  I  have  taken  the  surrounding 
i  in  this  proposition  to  be  equal,  therefore  the  central 
action  or  adhesion  of  the  vapour  to  the  liquid  molecule 

on  all  sides.     I  anticipate,  nevertheless,  as  before  pro- 
here  is  a  certain  amount  of  polarity  or  directive  force 
ecule  of  matter  to  other  molecules,  which  I  have  before 
iquids  by  the  systematic  polarization  of  light  by  sugar 
lutions.    But  as  this  probably  does  not  generally  in  the 
noleculc  exceed  the  effect  of  polar  forces  of  the  earth 

general  attraction  of  gravitation,  I  conceive  the  average 

Lile  to  be  equally  attractive  to  its  vapour  or  gas  on  all 

earth  may  be  to   its  own  atmosphere,  although  the 

id  the  earth  may  have  directive  or  attractive  polarity 

SENSITIVENESS   UNDER    PRLCSSURE.  2^ 

Sensitive  Mobility  under  Pressure. 

9.  Proposition:  That  tlie  mobility  of  a  fluid  varies  directly  as  tlie 
(lasiidty  in  t/ie  atomic  forces  surrounding  its  moleaik.  Tfu  elasticity 
ittHg  in  sensitive  equilibrium  proportional  to  t/te  pressure  upon  the  fluid. 

a.  In  the  above  I  am  compelled  to  use  the  word  atomic  to  distin- 
guish a  finer  system  of  gaseous  matter  that  may  surround  a  gaseous 
molecule,  but  1  do  not  assume  that  the  atomic  system  is  necessarily 
ifparatdy  atomic,  although  I  sec  no  reason  that  it  should  not  often 

I         beso,    Fdir  a  liquid  molecule  we  may  assume  a  gaseous  envelope 
only,  as  offered  in  the  last  proposition. 

b.  This  proposition  is  offered  to  meet  a  difficulty,  as  it  appears  to 
roe,  in  explication  of  Newton's  and  Coulomb's  experiments  given 
3  proposition,  d,  e,  for  although  the  hom<^eneity  or  equality  of 
rt^stance  at  all  depths  in  a  liquid  is  clearly  demonstrated,  this 
cqaality  does  not  appear  to  be  rational  with  an  equality  of  attrac- 
tive or  repulsive  forces  in  separate  molecules,  or  equality  of  mobility 
of  contact  of  the  molecules  or  parts  simply  per  se  from  any  cause. 
For  if  we  consider  the  mobility  from  any  cause  equal  about  the 
molecule  under  all  conditions,  we  must  neglect  the  effect  of  pressure 
of  the  mass  above  a  lower  molecule,  which  pressure  being  derived 
from  material  parts  of  the  same  mass,  should  act  as  a  resistance  to 
the  freedom  of  motions  of  displacement  to  the  lower  molecule.     It 
therefore  appears  to  me  probable,  that  there  is  a  natural  line  for 
fluids  as  defined  by  the  proposition,  by  which  the  molecules  of 
fluids  are  in  more  sensitive  motive  equilibrium  under  greater  sur- 
rmttding  elastic  pressure.    This,  it  appears  to  me,  would  also  very 
well  account  for  one  cause  of  a  kind  of  immobility,  that  is  very 
evident  at  the  surface  of  a  liquid,  which  is  seen  to  move  as  a  con- 
crete system,  when  small  objects  of  great  specific  gravity  float  upon 
ft;  some  other  conditions  of  which  I  will  consider  in  the  next  chap- 
ter, in  discussion  of  surface  forces. 

c  Assuming  the  molecular  elastic  surface  by  equality  of  central 
attractions  perfectly  smooth,  which  I  think  most  rational,  we  may 
'<^kA  evidences  that  mobility  of  contact  will  be  relatively  greater 
tiliiier  greater  pressure  in  solids,  which  would  be  from  the  greater 
"^^♦iveness  of  compressed  surface  elasticities  upon  contact.    Thus 
V  lean  a  light  body  with  a  hard  point,  as  the  point  of  a  pen 
t  handle,  at  an  angle  of  from  20  to  30  degrees,  upon  a  per- 
iled hard  surface  of  glass ;  but  if  we  press  the  upper  end 
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it  will  instantly  slip  down,  or  if  we  lean  a  heavier  body  with  the 
same  surfaces  of  contact,  it  will  not  maintain  itself  at  so  great  an 
angle  to  the  surface. 

d.  Another  simple  experiment  will  demonstrate  the  same  fact. 
If  we  cut  three  or  four  pieces  of  clean  smooth  paper,  of  exactly  the 
same  size,  and  place  them  lightly  upon  a  clean  surface  of  glass,  one 
by  itself,  and  two  or  three  superimposed ;  and  then  raise  the  piece 
of  glass  at  one  end  to  form  an  angle,  at  which  the  pieces  of  paper 
begin  to  slip,  the  heavier  parcel  will  begin  generally  to  slip  first 
The  same  will  occur  with  pieces  of  moderately  stout  flat  metal  and 
with  metal  foil,  and  in  vacuum  as  well  as  in  air. 

€.  It  is  possible  that  the  velocity  of  sound  through  bodies  is  wholly 
due  to  the  sensitiveness  of  compressed  elasticities  acting  in  direct 
lines,  caused  by  the  strength  of  cohesive  attractions  into  the  sur- 
rounding elastic  surfaces  of  the  atom  or  molecule  in  these  lines;  so 
that  the  velocity  of  sound  is  great  and  sensitive  in  steel,  glass,  and 
other  hard  bodies;  but  slow  and  insensitive  in  gases,  being  most 
insensitive  in  hydrogen.  These  conditions  on  the  whole  will  be 
subject  to  the  molecular  construction  of  the  body  taken. 

Mode  of  Molecular  Aggregation  for  Liquids. 

10.  Proposition  :  That  the  moleadar  system  of  a  liquid^  assuming 
each  molecule  surrounded  by  its  vapours,  has  its  molecules  symmetri- 
cally arranged  by  polar  forces  in  such  a  manner  tliat  t/te  greatest 
number  of  molecules,  or  moleailar  systems,  may  be  contained  in  t/ie 
space  that  the  liquid  occupies. 

a.  The  molecular  system  here  proposed  would  be  represented  as 
in  the  engraving  below  at  Fig.  5,  the  large  liquid  molecules  and 
their  vapours  being  represented  by  circles  so  arranged ;  and  not  as 
at  Fig.  6,  where  the  polar  forces  retain  the  molecules  in  a  vertical 
series,  although  I  see  no  reason  that  some  forms  of  matter  should  not 
be  so  arranged  or  changed  to  such  form  as  by  cooling,  where  bulk 
is  increased  thereby,  preliminary  to  crystallization. 


Fig.  5.— Molecules.  Fig.  6.— Molecules. 

b.  The  same  form  of  molecular  construction  as  that  shown  at 
Fig.  5  has  been  illustrated  for  that  of  a  liquid  by  Newton,  Bossut, 
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and  otheis.  It  is  here  introduced  to  consider  a  condition  that 
renders  it  most  probably  the  actual  system,  which  is,  that  for  liquids 
(aid  fluids  generally)  lateral  pressures  upon  containing  vessels  are 
IS  the  heights  of  the  column  of  liquid  above  any  given  point.  If 
the  molecular  system  of  a  liquid  were  as  that  shown  Fig,  6,  this 
would  not  be  the  case,  as  every  vertical  range  of  molecules  would 
be  supported  upon  the  lowest  molecule,  and  very  small  lateral 
pressure  would  keep  the  column  vertical,  so  that  the  pressures  upon 
the  sides  of  a  vessel  would  be  small  and  that  on  the  bottom  great. 
But  if  every  molecule  were  held  in  its  position  by  forces  that  were 
not  vertically  axial,  these  pressures  would  be  equally  lateral  forces, 
so  that  the  limiting  lateral  surfaces  would  aid  in  supporting  the 
system.  And  in  this,  the  whole  system  being  assumed  elastic  and 
mobile  in  all  its  parts,  would  be  as  a  flexible  s)-stem,  and  all  parts 
at  njuaJ  depth  would  receive  equal  pressures. 

c-  Thus  let  A  A'  be  a  lateral  surface,  and  all  the  shaded  molecules 
press  by  their  gravitation  downwards,  and  the  unshaded  molecules 
«st  against  the  lateral  surface.     Then  the  lateral 
particles  would  be  pressed  outu'ards  by  the  vertical 
force  of  the  contiguous  molecules,  and  it  would  be 
clear  that  to  press  these  molecules  by  this  lateral 
surface  further  into  the  system,  we  should  require  a 
force  sufficient  to  lift  up  all  the  particles  above.     In 
tWs  manner  the  lateral  particles  would  be  jambed 
against  the  sides  of  a  vessel,  and  the  jamb,  in  a  per- 
fectly elastic  mobile  system,  would    be  a  pressure 
equal  to  the  gravitating  force  of  the  mass  above.     In 
the  same  way  it  will  be  seen  also  that   this  Jamb   Fig ,._ Moiecuiesof 
would  produce  an  equal  upward  pressure,  or  pressure     ^"'"''^  sfrd"'  ' 
in  any  other  direction  than  that  which  merely  sup- 
ports the  weight  of  the  fluid,  if  the  area  of  pressure  were  restricted 
by  the  form  of  the  vessel. 

d.  The  above  hypothesis  is  consistent  with  the  fact  that  a  con- 
tinuous fluid  resting  upon  or  pressing  against  a  plane  surface  exerts 
;|prce  directly  perpendicular  to  this  surface,  this  force  acting  as  a 
equal  to  the  greatest  pressure  per  area  upon  any  part  of 
*Tid  that  can  be  compressed  by  the  force  of  gravitation  at  equal 
Thus  if  we  perforate  a  hole  through  a  thin  vessel  contain- 
id,  the  liquid  is  projected  directly  perpendicular  to  the 
'le  vessel,  with  a  force  of  projection  equal  per  area  to 
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the  weight  of  the  liquid  above  the  hole,  that  is,  equal  to  the  greatest 
pressure  per  area  that  gravitation  can  effect  in  any  part  of  the  mass 
system  of  the  liquid  at  equal  depth  with  the  hole.  This  principle 
is  rendered  important  in  consideration  of  directive  motive  forces 
which  will  be  hereafter  considered. 

e.  If  such  symmetrical  molecular  action  as  here  proposed  exist, 
this  may  either  be  derived  wholly  from  a  general  principle  of  cohe- 
sion which  draws  the  greatest  number  of  molecules  about  any  single 
molecule,  the  principles  of  which  I  will  discuss  in  the  next  proposi- 
tion, or  from  this  and  polar  attractions  conjointly  active  at  several 
points  of  the  molecule,  the  principles  of  which  may  be  inferred  from 
the  disposition  of  matter  to  take  crystal  forms. 

f.  The  same  form  of  molecular  arrangement  as  that  illustrated 
above  would  possibly  occur  from  pressure  upon  a  system  of  globular 
molecules.  But  not  necessarily  so  unless  there  were  present  the 
polar  forces  assumed.  As,  for  instance,  a  vessel  filled  with  rape- 
seed  or  with  globular  shot  would  not  have  its  separate  units  so 
arranged  by  chance,  or  unless  immense  trouble  had  been  taken  to 
produce  this  arrangement,  whereas  with  polar  forces  acting  sym- 
metrically at  certain  points  of  every  molecule  this  might  be  the 
necessary  or  only  possible  arrangement. 

Equal  Universal  Cohesion  of  Liquid  Molecules. 

11.  Proposition  :  That  the  cohesive  forces  of  liquids  are  caused  by 
molecular  surface  attractions^  which  are  active  in  producing  adliesions 
of  tJie  greatest  superficial  area  of  contact  possible  upon  all  the  molecules 
of  a  liquid  system^  of  which  each  7nolecule  forms  a  syinmetrical part, 

a.  The  above  proposition,  as  far  as  I  have  been  able  to  observe, 
is  a  law  of  liquid  coliesioji,  that  is  particularly  valuable  when  applied 


Fig.  8.— Molecular  Attractions  to  form  Mass. 


to  the  conditions  of  surface  forces  which  1  will  hereafter  consider, 
the  matter  beng  now  taken  for  the  unity  of  masses  only. 

b.  Let  the  figure  above  represent  any  exterior  surface  of  a  mole- 
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cular  liquid  system  having  attractive  cohesive  forces.  Let  thecohesive 
attractive  forces  reside  in  every  molecule,  and  act  upon  the  nearest 
molecules  of  its  own  mass  system,  and  further  let  these  attractions 
be  equal  in  every  direction  from  the  centre  of  each  molecule  to  its 
area  of  contact,  and  for  a  certain  space  surrounding  this,  as  shown 
i"  radial  lines  from  the  centres  of  the  molecules  in  Fig.  8, 
neglecting  any  possible  influence  of  local  polarity,  which  I  assume 
would  be  very  weak  in  the  liquid  molecule,  and  suppose,  also,  all 
action  of  gravitation  suspended  as  a  separate  force  acting  upon  the 
system;  then  will  the  molecule  A  be  out  of  central  equilibrium  to  the 
^em,  and  exert  a  direct  attractive  force  upon  the  system  towards 
the  molecules  B  B',  and  the  molecules  B  B'  will  exert  an  attractive 
force  towards  the  plane  C  C  and  towards  each  other  with  a  small 
force  only  towards  A,  so  that  these  molecules  also  will  be  out  of 
central  equilibrium.  For  the  conditions  of  the  molecules  C  C,  these 
will  exert  attractive  forces  towards  DD',  the  mass  system,  and 
lateral  forces  towards  each  other ;  they  will  therefore  be  out  of  central 
wjuilibrium  but  in  lateral  equilibrium.  Under  these  conditions  they 
will  represent  the  greatest  area  of  radial  forces  possible  for  the  sur- 
face of  a  liquid  system.  The  molecules  of  the  plane  D  D'  as  a  part 
of  the  mass  will  be  surrounded  by  equal  radial  molecular  forces, 
and  will  therefore  be  in  perfect  central  equilibrium  at  every  point 
of  the  molecule. 

c.  Now  returning  to  the  consideration  of  the  motive  forces  derived 
from  attractions  in  the  molecules  A  and  B  B',  these  will  act  as 
«rtain  forces  in  ratio  to  their  attractive  area  upon  the  lateral  equili- 
Iwium  of  the  plane  C  C,  and  indirectly  through  the  plane  C  C  upon 
fte  perfect  equilibrium  of  the  plane  D  D',  and  if  these  planes  are  per- 
fectly mobile  and  capable  of  extension,  these  molecules  A  and  B  B' 
*iU  sink  into  the  mass  system  and  form  molecules  either  in  lateral 
epiilibrium  in  the  surface  system  CC,  or  of  perfect  equilibrium  in 
ft*  plane  D  D';  the  law  being  satisfied  that  t/ie  molecule  has  found 
^  greatest  area  of  surface  adlusion  possible  for  a  free  system  of 
i--^fiid  matter. 

L    i.  In  the  above  proposition  it  must  be  distinctly  observed  that 

Bttforce  of  gravitation  forms  necessarily  no  function  of  the  system 

"oposed;  the  condition  of  this  for  liquid  surface  will  be  here- 

'sdered.     A  liquid,  if  its  molecular  attraction  or  cohesion 

t  to  support  its  mass,  forms  a  smooth  surface  in  anyposi- 

instance  a  varnish  laid  on  a  vertical  surface  or  an  in- 
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verted  horizontal  one,  and  the  same  will  occur  with  water  or  other 
liquids.  The  splendid  experimental  researches  of  M.  J.  Plateau 
may  be  used  to  assure  us  of  the  principles  of  the  above  proposition, 
that  the  molecular  cohesion  that  wc  witness  in  liquids  is  a  force  of 
continuity  of  physical  attraction  or  cohesion  of  the  molecules  which 
forms  the  liquid  system;  and  that  this  attraction  or  cohesion  is 
independent  of  the  density  of  the  mass,  or  nearly  so.  The  important 
experiment  which  proves  this  is  shown  in  that  a  free  molecular  mass 
of  liquid  in  equilibrium  is  in  no  way  influenced  in  its  motion  by  the 
presence  of  denser  matter  within  its  mass  system.^ 

e.  The  most  important  experiment,  by  which  the  general  equili- 
brium of  forces  in  a  liquid  mass  is  shown  by  M.  Plateau,  is  by 
taking  two  liquids  of  exactly  equal  specific  gravity  that  are  found 
to  unite  only  in  a  slight  degree  with  each  other,  and  by  placing  a 
mass  of  one  of  these  liquids  of  any  form  in  a  central  position  within 
a  larger  mass  of  the  other.  In  this  case  the  central  mass  forms  a 
perfect  globe.  The  liquids  employed  by  M.  Plateau  in  these  in- 
teresting experiments  are  pure  olive-oil  for  the  one  and  a  mixture 
of  alcohol  and  water  of  exactly  the  same  specific  gravity  as  the  oil 
for  the  other.  By  injecting  the  oil  with  care  in  the  centre  of  the 
mass  of  dilute  alcohol  by  means  of  a  glass  syringe  the  oil  is  found 
to  draw  itself  together,  and  a  perfect  globe  is  formed,  which  is  sup- 
ported as  a  free  body  in  the  diluted  alcohol. 

f.  That  the  above  is  not  a  mass  attraction  M.  Plateau's  impor- 
tant experiments  before  alluded  to  show,  as  he  finds  that  by  placing 
a  stout  plate  of  iron  of  nearly  the  same  diameter  as  the  globe 
of  oil  in  its  centre,  by  means  which  he  points  out,  the  presence  of 
this  heavy  mass  is  found  not  to  deform  the  external  figure  of  the 
perfect  globe  in  the  slightest  degree. 

g,  M.  Plateau  attributes  the  perfect  equilibrium  of  forms  which 
his  experiments  demonstrate  for  free  liquid  matter  to  be  caused 
principally  by  surface  tension  of  the  mass  system  as  originally  pro- 
posed by  Segner  in  175 1 ;  and  his  experiments  in  some  cases  that 
he  offers  go  very  far  to  show  that  this  would  represent  a  sufficient 
cause  if  active  to  the  necessary  extent  demanded,  the  interior  inertia 
of  a  mass  system  being  assumed  to  be  in  such  a  general  state  of  free 
equilibrium  as  to  be  entirely  directed  by  the  surface  tension.  It 
nevertheless  appears  to  me  that  as  a  general  system  of  cohesion 

*  Statique  experimental  et  thhretique  des  liquids  soumis  aux  settles  forces  molkuIaireSf 
1873,  by  J.  Plateau,  §  13. 
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ists  in  all  liquids,  as  shown  clearly  by  the  phenomena  of  traction, 
which  the  parts  of  liquids  follow  each  other  with  evident  force,  as 
tieyalso  in  the  same  manner  adhere  to  solids,  so  that  the  surface  ten- 
sion cannot  be  the  entire  cause  of  cohesion  in  the  systenn  of  matter  of 
aHuid  any  more  than  of  a  solid.  On  the  other  hand,  if  the  molecule 
seeks  Xht gn-a/csl  area  of  surface  attraction  in  a  perfectly  free  liquid, 
as  here  proposed,  this  principle  of  cohesion  alone  will  ensure  the 
perfectly  globular  form  for  any  free  unit  mass  of  liquid  of  the  same 
tohcsive  system  subject  to  molecular  forces  only. 

h.  I  do  not  think  the  conclusion  I  arrive  at.  that  molecular  masses 

may  be  held  by  cohesive  forces  simply,  if  litis  be  true,  detracts  in 

any  way  from  the  value  of  M.   Plateau's  splendid  experimental 

researches.     I  only  think  that  the  symmetry  of  molecular  forces 

in  a  liquid  has  more  to  do  with  the  symmetry  of  free  molecular 

aggregate  forms,  in  any  case,  than  surface  forces  taken  simply  as 

such.    I  conclude  this  amonj  other  reasons,  in  reference  to  the 

theory  of  tensile  surfaces,  by  the  .f/mf«fj'.f  with  which  an  undoubtedly 

temUfilm  of  a  soap-bubble  contracts  when  the  interior  of  the  pipe 

by  which  it  was  blown  is  left  open  for  it  to  do  so.      The  tension 

of  the  two  liquid  surfaces  of  the  film  in  this  case,  the  exterior  and 

interior  being  active  as  lineal  attractions  upon  the  resistance  of 

the  small  volume  of  air  in  the  interior  of  the  bubble  only,  shows 

that  with  large  surfaces  of  tension,  and   very  small   mass  to  be 

moved,  the  tensile  force  judged  by  its  active  velocity  in  this  case 

must  be  extremely  weak.     Whereas  the  motive  forces  that  form  the 

globular  mass  of  oil  by  moving  its  heavy  bulk  quickly  to  equilibrium 

of  figure,  in   M.  Plateau's  important  experiment  just  mentioned, 

indicate  a  much  greater  constant  force  in  the  liquid,  for  it  to  be  able 

to  overcome  the  general  inertia  of  its  large  mass,  than  could  be  due 

to  the  influence  of  any  weak  surface  force,  such  as  we  find  able  to  act 

■only  feebly  upon  the  small  ma.ss  of  a  film,  having  exposed  surface 

00  both  sides  open  to  this  action. 

u  If  cohesion  be  powerfully  active  in  the  manner  I  propose,  the 

molecular  aggregative  forces  as  are  actually  observed  would  be 

iced  in  free  molecular  matter,  as  by  any  form  of  surface  tension, 

of  surface  distension  of  a  liquid ;   if  the  central  mass  be 

^ether  by  the  general  cohesive  force  that  all  liquids  possess. 

d  be  also  clear  that  the  globular  form  would  be  the  only  one 

satisfy  the  conditions  of  perfect  equilibrium  in  a  free  mass 

)les  proposed  a.    Under  these  conditions  also,  inclosed 
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masses  of  more  or  less  dense  adherent  matter,  would  no  more  inter- 
fere with  the  systeih,  than  if  the  force  were  considered  to  be  an  ex- 
terior tension  upon  the  surface,  unless  such  masses  protruded,  when 
the  conditions  would  be  altered  for  all  cases.  It  will  be  further 
evident  that  the  proposition  I  have  made  above  for  the  cohesive 
system  of  a  liquid  really  becomes  active  as  a  surface  force;  but  it 
does  this  independently  of  assuming  a  special  condition  necessary  for 
the  surface  molecular  cohesion  possessing  greater  activity  than  is 
otherwise  indicated  by  experiment;  which  may  possibly  be  attri- 
buted to  a  superior  viscosity  at  the  surface  for  water,  but  could  not 
be  so  for  oil,  where  cohesion  is  found  to  be  equally  active,  as  M. 
Plateau's  experiments  otherwise  show.  See  works  referred  to,  §  269. 
j\  Perhaps  some  evidence  of  the  law  offered  in  this  proposition 
may  be  discovered  by  taking  the  conditions  of  a  body  in  which  we  can 
scarcely  imagine  any  distinct  conditions  of  surface  force  to  be  present, 
or  at  least  to  be  sufficiently  active  to  overcome  the  general  cohesion 
or  viscosity  of  the  body  taken.  The  best  illustration  that  occurs 
to  me  would  be  the  very  viscous  liquid,  melted  glass,  which  we  know 
may  be  drawn  into  very  fine  threads,  by  strain  upon  the  internal 
cohesion  of  its  system  without  any  disturbance  from  surface  forces 
being  scarcely  imaginable  to  be  active  upon  it  Now,  if  we  take 
a  thread  of  glass  and  hold  this  in  or  near  a  flame,  until  it  begins 
to  melt,  it  will  be  found  that  the  melted  part  instantly  seeks  the 
greatest  area  of  intermolecular  cohesion^  that  is,  it  assumes  a  globular 
form,  if  not  prevented  by  the  force  of  gravitation  from  doing  so 
by  the  position  in  which  it  is  held. 

Special  Qualities  of  Water  and  Air. 

12.  Proposition  :  That  the  fluids  water  and  air^  possibly  by  the 
molecular  elasticities  of  their  systems  and  by  polar  forces^  possess  a 
certain  amount  of  elastic  rigidity  of  t/ie  same  kind  as  that  observable 
ifi  gelatinous  bodies. 

a.  By  the  molecular  structure  proposed  for  a  liquid  (8  prop.)  every 
liquid  system,  by  the  elasticity  of  its  molecular  surfaces  will  possess 
a  certain  amount  of  flexibility  of  mass  derived  from  its  chemical  and 
physical  qualities;  which  I  assume  to  be  different  for  liquids  of  dif- 
ferent kinds.  Besides  which  I  imagine  that  there  are  present  weak 
polar  forces  in  all  fluids  (10  prop.)  that  will  produce  a  certain 
amount  of  rigidity  within  the  radius  of  mobility  of  a  liquid  or  other 
flexible  system.     From  these  conclusions,  and  by  experimental  in- 
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ex^ences  that  water  and  air  possess  the  property  of  rigid  flexibility 

jreater  than  other  fluids  relatively  to  their  densities,  that  is,  in 

tliose  that  I  have  examined,  and  as  I  intend,  as  before  mentioned, 

to  ToIIow  experiments  in  air  and  water  principally,  I  wish  to  distinctly 

distinguish  this  property  by  a  word,  for  which  I  propose  ^e/alinity. 

This  property  has  been  already  inferred  to  be  a  quality  of  water  in 

tile  bent-tube  experiment  of  Denny  given  page  24  i,  as  observed  in 

the  slu^ish  movement  of  the  water  in  the  tube  and  its  rigid  state 

*    ■when  the  surface  of  it  is  rendered  adherent     The  same  property 

way  be  observed  in  a  less  degree  when  the  water  is  in  a  more  fluid 

state  by  natural  aeration.     The  property  that  I  suggest  appears 

at  all  times  to  give  to  tlie  water  a  kind  of  static  mass  rigidity  greater 

tlan  its  general  fluidity,  or  the  mobility  of  its  system,  or  its  density 

in  relation  to  other  fluids  would  indicate. 

l>.  The  property  indicated  above  has  been  generally  included  in 
tile  term  viscosity;  but  this  does  not  very  clearly  define  it,  to  my 
mind,  as  by  viscosity,  we  understand  from  general  definitions,  a 
certain  clamminess  or  stickiness  after  the  manner  of  varnish,  treacle. 
hot  ghe,  or  oil.  Bacon  gives  a  definition  of  this  when  he  says, 
"Holly  has  so  viscous  a  juice  that  they  make  birdlime  of  the  bark." 
The  physical  state  of  both  water  and  air  at  ordinary  temperatures 
appears  to  me  in  experiments  to  be  better  expressed  as  above,  by 
giiatinous  than  viscous.  The  gelatinity  I  conceive  to  be  somewhat 
after  the  nature  of  cold  jelly  scarcely  capable  of  settling,  and  of  a 
h^her  degree  of  mobility.  This  property  is  apparent  in  water  in 
the  adhesion  with  which  it  supports  the  spherical  conditions  in  drops 
Ksting  upon  solid  or  liquid  surface,  in  which  the  drops  do  not  appear 
to  enter  into  or  adhere  with  any  similar  property  to  that  observable 
I  really  viscous  bodies,  unless  some  force  is  applied.  Further, 
*fter  adhesion  is  effected  with  water  by  any  means  to  a  surface 
it  becomes  complete  and  equally  resists  removal  as  we  find  is  the 
iewith  gelatinous  bodies.  Some  experiments  of  Count  Rumford 
W  him  to  infer  that  a  pellicle  or  film  was  formed  at  the  superior  and 
■fcrior  surfaces  of  water,  by  that  which  he  concluded  was  a  special 
•  jittunl  cohesion  of  the  fluid  at  the  surface,  and  by  this  he  accounted 
m^  flat  peculiarity  of  surface  resistance  by  which  bodies  that  are 
^■"Scally  heavier  than  water  will  float  upon  its  surface.  This 
V  of  gelatinity  that  I  propose  to  adopt,  will  offer  the  same 
»f  surface  resistance,  as  we  find  that  jellies  resist  at  the  sur- 
cous  bodies  do  not    Reserving  for  the  present  the  discus- 
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sion  of  some  causes  of  surface  resistance,  I  may  mention  one  of  Count 
Rumford's  experiments.  He  poured  a  quantity  of  sulphuric  ether 
upon  the  surface  of  water  in  a  vessel,  and  placed  gently  in  the  ether 
several  bodies  of  greater  specific  gravity  than  the  water,  as  a  needle, 
particles  of  tin,  and  globules  of  mercury.  These  all  descended 
through  the  ether,  but  floated  upon  the  surface  of  the  water.  It 
was  quite  observable  that  these  bodies  pressed  down  the  surface  of 
the  water,  and  little  hollows  or  bags  were  seen  beneath  them.  These 
floating  bodies  were  made  quite  clean,  and  the  water  adhered  persist- 
ently to  them  when  they  had  once  entered  it  Indeed  similar  resist- 
ances were  observable  when  the  like  bodies  quitted  the  water.  It  is 
therefore  from  no  material  repulsion  inherent  in  these  bodies,  but  quite 
the  reverse  of  this.  A  particle  of  water  will  rest  upon  water  surface 
similarly  to  a  solid  body,  as  some  experiments  by  Brewster  show, 
and  that  which  appears  quite  contrary — the  water  will  creep  up 
and  adhere  to  the  same  bodies  which  resist  its  surface.  This  is  quite 
explicable  by  the  same  principle  of  gelatinity  that  promotes  and  sup- 
ports continuity  after  contact  by  a  kind  of  static  firmness  of  surface 
which  rejects  first  contact.  The  gelatinous  principle  in  question  is  evi- 
dently due  to  certain  conditions  of  cohesion  not  present  to  the  same 
extent  in  all  liquids.  The  same  cohesive  principle  is  possibly 
maintained  in  ice,  as  is  witnessed  in  glaciers  where  the  ice  forms 
stand  up  with  remarkable  rigidity,  and  are  quite  brittle  if  struck, 
yet  they  bend  to  the  rocks  past  which  they  are  compressed  under  the 
constant  force  of  gravitation.  The  gelatinous  construction  of  water 
that  I  propose  is  one  cause  of  a  special  form  of  resistance  in  pipes 
to  the  free  flow  of  water,  upon  a  principle  of  fluid  motion  to  be  con- 
sidered. It  also  gives  to  fluids  which  possess  it,  a  special  kind  of 
rigidity  by  which  continuity  of  surface  is  very  persistent,  and  this 
is  one  cause  of  the  tendency  to  division  in  motions  of  undulation 
where  the  surface  is  compressed  horizontally  by  any  small  forces. 
These  general  conditions  will  be  hereafter  considered. 

c.  The  experiment  by  whichi  I  tried,  to  investigate  the  relative 
comparative  amount  of  gelatinity  in  liquids  for  my  own  satisfaction, 
and  to  endeavour  to  discover  the  cause  of  the  extreme  static  rigidity 
of  water  under  certain  conditions,  which  I  will  discuss  further  on,  was 
to  cause  the  liquids  to  flow  over  a  small  bridge  in  a  channel,  and  to 
measure  the  heights  of  the  head  above  the  bridge  relative  to  the  velo- 
city of  flow.  To  compare  water  particularly  with  some  acknow- 
ledged viscous  fluids  I  selected  two  liquids,  one  a  varnish,  a  little  of 
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It  i^ced  between  the  fingers  held  them  together  with  consider- 
le  force,  and  for  the  other  !insced-oil.  I  selected  these  two  liquids, 
d  varnish,  as  J  found  them  used  previously  in  experiments  to 
determine  the  viscosity  of  fluids.  I  constructed  a  small  apparatus, 
coiisisting  of  a  channel  of  zinc  about  seven-eighths  of  an  inch  square, 


and  a  foot  long,  which  was  connected  with  a  reservoir  so  as  to  obtain 
a  r^Iar  flow  in  a  current  of  the  liquid  from  an  aperture  of  the 
width  of  the  trough,  and  one-eighth  of  an  inch  high.  A  bridge 
across  the  channel  was  placed  inside  at  one  inch  from  the  end 
furthest  from  the  opening,  .which  was  made  of  a  thin  piece  of  zinc. 
This  bridge  stood  up  from  the  bottom  of  the  trough  a  quarter  of  an 
inch.  Above  the  bridge  I  placed  a  micrometer-screw,  by  which  I 
could  read  to  the  thousandth  part  of  an  inch,  and  which  was  con- 
neded  with  a  point  to  reach  the  surface  of  the  liquid.  I  tried  the 
tsD  viscous  fluids  named,  and  the  water,  after  cleaning  and  thoroughly 
drying  the  trough  behveen  each  experiment.  In  the  flow  along  the 
channel  I  found  the  head  of  water  at  its  highest  point,  which  was 
nearly  over  the  bridge,  measured  by  the  micrometer  screw  taking 
the  averse  of  ten  experiments  about  13  of  an  inch;  the  head  of  the 
i^hly  viscous  varnish  measured  about  12  of  an  inch  ;  the  head  of 
taseed-oil,  -ii  of  an  inch;  showing  the  water  to  be  the  most  rigid  or 
idf-supporting,  which  I  assume  to  be  derived  from  a  certain  mole- 
;  alar  polarity  which  produces  the  property  o{  gelatinity.  I  shall  be 
^^  ibletoshow  in  experiments  further  on  that  water  in  some  cases  acts 
I^Ji  a  colloid.  In  Coulomb's  torsion  experiments  to  discover  the 
y  of  various  bodies  by  the  resistance  offered  to  the  circular 
Uion  of  a  tin  disk,  oil  was  found  to  be  seventeen  times  as  viscous 
molecularly  resistant  as  water.  Therefore  the  quality  of 
tanding  up  or  beading  in  the  above  experiment,  which  is 
water  than  in  oil,  must  be  from  a  fluid  property  in  excess 
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d.  The  gelatinity  or  static  mass  rigidity  of  air,  which  I  also  ascribe 
to  a  weak  polarity,  may  be  shown  in  the  slowness  with  which  its  elas- 
ticity will  react  in  a  free  state.  This  may  be  seen  in  the  following 
very  simple  experiment,  by  taking  one  of  the  thin  tissue  india- 
rubber  balls  or  balloons  which  are  blown  out  for  toys  for  the 
amusement  of  children.  The  one  I  experimented  upon  was  9  inches 
in  diameter.  If  we  strike  this  in  any  oblique  upward  direction  in 
quiescent  air  it  will  move  against  the  air  until  the  resistance  of  the 
compressed  air  in  front  equals  the  force  of  momentum  given  to  the 
ball,  and  at  this  point  the  elatstic  static  force  of  the  air  in  the  balloon 
and  the  free  air  will  react,  and  the  balloon  will  be  reflected  on  its 
course;  that  is,  it  will  not  complete  its  paraboloid,  in  ratio  to  its 
projectile  force  and  the  action  of  gravitation  upon  it,  in  pro- 
portion to  the  quantities  of  resistance  it  receives  seriatim^  but 
will  fall  to  the  ground  at  an  angle  inclined  to  the  direction  from 
which  it  was  projected. 

If  the  t^vvti  gelatinity,  or  the  reasons  which 

induce  me  to  make  use  of  this  word,  should 

*•••.,  appear  ridiculous  to  some,  I  wish  only  the 

•* ..  property  of  static  mass  elastic  rigidity  of 

\     ^   >.       ^     • .,.         water  and  air  to  be  observed  as  important 

\    \    \*  •♦..     >i8{^      '     to  the  elucidation  of  some  phenomena  to 

\    \     \      *'•...  be  hereafter  considered,  which  gives  these 

**-x     fluids  in  some  cases  static  forces  that  ap- 
Fig.  xa— Aerial  Gciatbity.        pear  vcry  rclativc  to  homogeneous  solids. 

18.  Remarks. — a.  The  part  of  this  chapter  that  relates  particu- 
larly to  the  static  equilibrium  of  the  molecule  in  a  fluid  was  written 
to  offer  the  necessary  conditions  for  my  conceptions  of  sound 
motions,  in  which  I  take  the  general  principles  of  equilibrium  for 
fluids  that  have  been  assumed  to  be  present  from  Newton  to  Airy, 
only  that  I  have  substituted  permanently  elastic  forces,  which  are 
assumed  to  act  within  the  limits  of  the  body  of  the  molecule  or 
atom,  in  place  of  repulsive  forces,  which  are  assumed  to  act 
without  matter  at  indefinite  distances  for  which  these  elastic 
forces  may  be  considered  to  be  motively  equivalent.  The  fourth 
section  of  my  wor^  being  now  withheld  for  reasons  stated  in  my 
preface,  these  matters  as  regards  other  parts  of  this  work  might 
have  been  omitted,  only  that  they  are  now  unavoidably  mixed  with 
the  entire  work,  and  that  they  give  the  theoretical  ideas  upon  which 
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I  assume  a  general  state  of  molecular  equilibrium  may  exist  in  a 
fluid.  I  admit  at  the  same  time  that  the  subject  is  one  beyond  my 
powers  of  demonstration. 

*.  The  mobility  of  gaseous  fluids  in  free  molecular  trajectories, 
which  I  assume  would  be  antagonistic  to  any  theory  of  constant 
equilibrium  of  each  individual  molecule,  appears  to  gain  reasonable 
strei^th  from  the  evidence  offered  in  the  beautiful  experiments  of 
Mr.  William  Crookes,  of  passing  electrical  currents  through  tubes  or 
vessels  exhausted,  nearly  as  far  as  possible,  of  air.  In  these  ex- 
periments radiant  matter  is  projected  from  the  negative  pole,  which 
is  not  only  made  visible  by  the  radial  direction  of  the  rays  of  light,  but 
also  evident  by  the  performances  of  work  by  the  force  of  the  radial 
projections.  There  are,  nevertheless,  conditions  in  this  case  which 
do  not  by  any  means  assure  us  that  the  radiant  matter  observed  is 
of  the  residual  gas  in  the  tube,  as  we  find  it  is  generally  assumed 
to  be,  or  even  if  it  were  this,  the  motivity  observed  might  be 
constantly  induced  by  electrical  forces  supplied  directly  from  the 
batteiy,  so  that  this  could  be  scarcely  imagined  to  be  a  case  oi  free 
trajectory  of  the  residual  gaseous  matter  present.  However,  we  must 
admit  that  it  is  an  evident  case  of  one  form  of  projection  of  molecular 
oratomic  matter,  but  whether  it  is  of  the  residual  gas  in  the  chamber 
OT  of  the  matter  of  the  negative  pole  is  quite  another  question.  In 
sparits  thrown  off  conductors  in  experiments  with  our  common  fric- 
tionil  electrical  machines,  it  is  quite  clear  that  pieces  of  the  metallic 
conductor  are  projected,  which  inflame  and  produce  large  sparks  in 
the  air.  If  we  reduce  the  pressure  of  the  surrounding  air  so  as  to 
produce  the  ordinary  exhaustion  of  a  Geissler's  tube,  Mr.  Crookes  has 
found  that  platinum  is  then  strongly  projected  from  the  negative 
pole,  so  that  it  darkens  the  glass  all  around  it ;  showing  that  this  is 
evidently  still  a  metaiHc  projection.  But  Mr.  Crookes  has  found 
^t  in  higher  vacua  there  is  no  evidence  of  projection  of  the 
matter  of  the  n^ative  pole.'  In  this  last  case  it  is  quite  possible 
that  the  platinum  itself  under  the  nearly  perfect  release  of  pressure 
flut  these  higher  vacua  produce,  is  severed  into  separate  atoms  at 
Ac  instant  of  its  projection,  and  that  this  as  clastic  matter  (4  prop.) 
.fatB  during  the  continuity  of  the  electrization  a  perfect  gas  {plali- 
1),  and  whether  the  gas  so  formed  is  deposited  upon  the  posi- 
■ole  or  the  containing  vessel,  or  not,  will  depend  upon  the 
of  elastic  forces  due  to  its  electrization,  into  its  material 

'  PAil.  Trani.  1879,  5  biZ. 
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atomic  attraction  for  other  matter  present  In  this  instance  also 
the  constant  radiation  may  be  established  from  the  negative  pole 
by  a  system  of  convection  currents  or  vortices  in  the  vacuum  cham- 
ber, by  which  the  gas  performs  a  definite  circuit.  I  assume  in  this 
hypothesis  that  the  metallic  gas  is  invisible;  but  that  it  excites 
by  its  friction  the  medium  of  the  fluid  residual  air  or  gas  into  which 
it  is  projected,  and,  in  like  manner,  by  its  friction  it  also  excites  in 
its  return  current  the  body  of  the  vessel  in  which  it  is  contained,  to 
cause  its  phosphorescence,  the  return  current  being  in  all  cases  pos- 
sibly more  condensed  than  the  gas  projected  from  the  negative  pole 
radially  in  the  first  instance.  So  that  upon  the  whole  I  do  not  see 
evidence  that  this  is  a  motive  projection  of  the  residual  gas  in  the 
tube,  but  rather  that  this  gas  is  the  medium  in  which  the  projection 
occurs.  It  is  reasonable  to  assume,  nevertheless,  that  the  projection 
will  engender  convection  currents  of  the  gas  present  during  the 
atomic  projection  of  the  matter  of  the  negative  pole,  and  that  such 
currents  may  probably  return  the  matter  projected  to  this  pole  in 
some  cases  after  projection,  or,  if  the  resistance  of  the  medium  is 
great  and  condensation  occurs,  deposit  it  near  this  pole. 

c.  In  Mr.  Crookes  earlier  important  experiments  with  light  and 
heat  in  his  well-known  Radiometers  we  have  all  the  general  pro- 
perties of  the  forces  employed  materially  changed  from  conditions 
given  above  for  intense  electrical  forces,  as  in  the  radiometer  we 
have  to  deal  with  forms  of  force  that  exhibit  much  less  intensity 
of  action.  For  radiant  heat  and  light,  such  as  is  active  upon  a 
radiometer,  we  may  possibly  assume  a  force  only  sufficient  in  these 
experiments  to  affect  the  equilibrium  of  the  fluid  (vacua)  inclosed 
in  the  vessel  in  a  manner  similar  to  that  which  was  formerly  as- 
sumed for  radiant  heat  and  light  by  the  undulatory  theory,  and  that 
is  now  assumed  for  it  in  other  cases  when  discussing  spectroscopic 
matters,  phosphorescence,  &c  However,  it  appears  evident  that 
undulation  would  not  produce  the  direct  forward  mechanical  force 
observable  in  this  case.  But  possibly  the  equilibrium  of  the  mole- 
cule maybe  conserved  if  the  rays  of  light  or  heat  induce  the  forma- 
tion of  direct  molecular /^A?r  rajs,  as  I  conceive  may  be  possible  in 
free  elastic  residual  gas  upon  conditions  stated  in  7  prop.  //,  so  that 
such  rays  may  act  as  forces  directly  from  the  vessel  to  the  mobile 
vane,  with  quite  as  great  or  even  greater  force,  from  the  assumed 
elastic  rigidity  of  the  atoms  forming  the  ray  than  could  be  assumed 
for  the  propulsive  force  of  the  free  molecules  present,  whose  weights 
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be  conceived  very  small,  even  if  they  possess  innate  forces  to 
be  projected  entirely  in  one  direction  at  one  time,  and  their  velocity 
must  be  immense  to  give  by  this  projection  of  their  masses,  momen- 
tum sufficient  to  overcome  the  inertia  and  resting  friction  of  a 
relatively  enormous  solid  body,  many  millions  of  millions  of  times 
themolecularweightof  the  projectiles,  such  as  we  must  assume  is  the 
we^ht  of  the  connected  vanes  of  a  radiometer,  even  assuming  that 
a  molecule  or  any  other  body  could  impress  force  and  retain  its 
momentum  equally  for  reflection  back  to  the  sides  of  the  vessel, 
with  force  and  velocity  equal  to  the  original  projection,  which  in 
this  case  it  must  be  assumed  to  do  or  the  whole  of  the  projectile 
niatterwould  soon  rest  against  the  vana  In  this  diflicult  case  some 
writers  appear  to  hold  the  projectile-molecule  theory,  or  corpuscular 
theoiy  as  it  was  formerly  called,  for  radiant  matter,  and  the  undula- 
tory  theory  also  for  separate  cases;  this  appears  to  me  quite  incon- 
sistoit,  or  at  least  so  until  some  process  of  reconciliation  has 
been  offered  for  these  separate  quite  distinct  principles  of  molecular 
motit^i  of  radiation  forces.  In  the  assumption  of  the  constant 
presence  of  polar  forces  ofiered  above  we  have  the  conditions  of  a 
i  fonn  of  motion  that  is  evident  in  some  cases  which  we  have  not  for 
I  anycase  of  free  motive  propulsion  of  a  molecule  or  any  other  body, 
\  except  it  is,  as  in  the  case  given  above  b,  induced  by  the  constant 
\      force  of  electricity. 

d.  Upon  the  conditions  offered  above  the  equilibrium  of  fluid 
matter  may  be  conserved  under  the  impression  of  exterior  forces 
that  may  affect  its  interior  construction  during  their  impression,  by 
inducing  at  the  time  greater  activity  of  polar  forces.  The  molecules 
oTRuid  matter  being  acted  upon  in  such  cases  as  masses  of  soft  iron 
to  electrical  induction,  but  in  this  case  by  the  unknown  actions  of 
lieat  and  light  If  we  assume  these  forces  ^%  polarity  inducing,  or 
rtrengthening  forces  that  pervade  the  system  of  matter  upon  which 
;  ftey  are  impressed,  and  tliat  the  atoms  or  the  molecules  of  bodies 
symmetrical,  and  endowed  with  like  polar  forces,  the  union  of 
■A  atoms  or  molecules  in  equilibrium  can  produce  none  other  than 
l^metrically  constructed  mass.  This  state  appears  also  as  far 
iible  evident  when  by  vision  we  can  first  detect  the  construc- 
"'"  pure  matter,  as  for  instance  in  the  symmetrical  crystalline 
B  of  all  the  metals,  iodine,  sulphur,  &c.,  and  the  same  by 
'  r  certain  liquids  which  are  shown  by  the  polariscope  to 
>erties  of  crystalline  bodies.    So  that  it  is  only  when  we 
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lose  sight  of  structure,  by  the  condition  of  fluidity,  and  when  the 
mind  is  left  in  darkness,  that  we  can  rationally  assume  symmetrical 
structure  of  matter  to  disappear;  and  it  would  almost  appear  that 
if  matter  changes  its  structural  laws  at  this  precise  point,  that  it  has 
been  in  some  way  created  relative  to  the  faculties  of  man  to  permit 
the  free  action  of  his  imaginative  powers. 

e.  For  the  general  conditions  of  equilibrium  in  a  fluid,  I  think  that 
whatever  may  ultimately  be  consistently  thought  to  be  the  principle 
of  projection  of  radiant  heat  force,  in  any  form,  that  the  same  will  be 
applied  to  light,  as  these  forces  are  so  evidently  united  in  their  motive 
principles ;  as  the  conditions  of  similar  refractions,  reflections,  and 
polarizations  evidently  show  to  my  mind.  Neither  do  I  think  that 
It  is  probable  there  are  twofonns  of  heat  motion,  that  of  radiation 
and  that  of  conduction,  as  it  is  much  simpler  to  suppose  one  mode 
of  action  for  one  force;  conduction  very  possibly  being  a  form  of 
less  intense  radiation,  which  is  restrained  by  resistance  of  the 
inertia  of  the  matter  affected  by  it.  Extending  this  idea  a  little, 
it  is  also  most  possible  that  one  form  of  motion  exists  for  both 
heat  and  light  under  all  conditions.  If  I  should  at  any  time  be  able 
to  discuss  my  experiments  on  light  and  heat,  from  which  I  was 
unavoidably  diverted,  I  will  return  to  this  matter.  It  would  here 
be  quite  out  of  place  to  discuss  the  subject  further  than  is  neces- 
sary  to  support  my  propositions  of  the  constitution  of  a  fluid  against 
what  I  imagine  may  be  a  transitory  science  (1880),  in  so  far  as  its 
theoretical  deductions  are  concerned,  but  not  its  practical  uses. 

f.  For  the  equivalence  of  heat  to  mechanical  force,  we  may  assume 
that  if  heat  forces  act  on  separate  atoms  and  molecules  as  proposed 
(4  and  5  props.),  or  by  any  means  so  as  to  increase  the  elastic  forces 
of  the  atom  or  molecule  by  a  system  of  movement  acting  contra  to 
forces  we  may  call  chemical  attractions,  as  I  have  suggested,  here  is 
possibly  work  that  will  fully  represent  the  heat  lost  in  its  perform- 
ance, whether  it  be  in  separating  the  millions  of  surfaces  of  the  atoms 
of  a  powerfully  cohesive  mass  of  platinum,  slightly  against  its  power- 
ful chemical  cohesion,  of  near  central  contact  of  its  atoms,  equally,  to 
the  force  shown  in  dissipating  solid  carbonic  acid  to  vapour  exten- 
sion where  chemical  cohesion  is  represented  by  a  small  force.  The 
greatest  motive  effect  probable  from  heat  in  any  case  will  be  ex- 
plosion, or  elastic  vibration,  which  will  become  finite  by  the  in- 
fluences of  surrounding  resistances  or  in  new  conditions  of  elasticity. 
It  further  appears  to  me  that  the  most  important  physical  function 
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if  heat  is  not  to  produce  the  palpable  exterior  surface  forces  we 
witness  as  personal  temperatures;  as  such  exterior  forces  may  be 
present  or  not,  for  in  this  I  assume  that  if  the  atomic  attractions  inter 
u  become  negative  or  minus  quantities  with  respect  to  the  elastic 
surface  force  that  I  propose  (4  prop,)  tlic  heat  force  as  temperature  is 
entirely  lost  toperception,orbeconieslatentasit  is  termed.  Whereas 
if  the  heat  force  is  only  sufficient  to  increase  the  elastic  pressure,  and 
not  to  overcome  centra!  attraction,  such  pressure  becomes  by  move- 
ments producing  separate  frictions  on  every  atom,  active  in  the  gene- 
ral expansion  and  outwardly  possibly  vibralile  upon  the  elastic  en- 
velopes of  the  atoms  or  molecules,  disturbed  from  the  equilibrium  of 
rest  surrounding  them,  and  is  thus  as  temperature  force,  rendered 
motively  free  to  communicate  vibration  as  radiant  heat  from  body 
to  body,  so  long  as  the  heated  body  is  changing  its  state  by  either 
increase  or  decrease  of  heat.  If  the  body  expands,  and  heat  force 
is  lost  as  palpable  temperature,  the  elastic  forces  have  placed  and 
m^  possibly  retain,  the  atoms  in  positions  in  which  the  central 
attractive  forces  of  the  atom  act  exactly  as  a  body  placed  upon 
an  elevation  above  the  earth.  The  active  energy  of  the  heat  force 
apparently  lost  beii^  conserved  by  a  position  that  can  restore  the 
outward,  palpable  heat,  by  friction  of  attractive  precipitation  in  the 
atom  falling  to  its  former  radius  of  attraction.  This  matter,  as 
before  mentioned,  has  been  ably  discussed  by  Professor  Balfour 
Stewart  so  far  as  regards  the  potential  of  molecules. 


CHAPTER    II. 

CONDITIONS  OF  LIQUID  SURFACE  :-«-CAPILLARY  ACTION — TENSION 

OF  FILMS — BUBBLES — BOILING — EVAPORATION. 

• 

14.  Definition.  It  will  be  convenient,  before  the  discussion  of  sur- 
face forces,  to  define  the  words  Teiisile  and  Extensile,  as  I  wish  to  use 
them  in  this  chapter  and  henceforth.  By  tensile  I  intend  a  disposi- 
tion of  the  parts  of  a  system  of  matter  to  draw  themselves  together, 
as  a  stretched  drum-skin  does.  By  extensile  I  intend  the  reverse  of 
this,  or  the  disposition  of  the  parts  of  a  system  of  matter  to  separate 
and  thereby  to  engender  external  pressures. 

16.  Equilibrium  of  Surface,  a.  The  still  surface  of  a  liquid  at  a 
distance  from  any  object  presents  to  the  vision  a  perfectly  level 
smooth  plane.  The  perfection  of  the  equilibrium  of  a  liquid  surface 
may  be  demonstrated  by  the  following  simple  experiment.  Take  a 
dish  of  clean  water,  the  surface  of  which  is  visibly  still,  and  prick  the 
centre  of  the  surface  with  a  fine  needle ;  this  will  instantly  send  forth 
a  wave  extending  in  circumference  from  the  centre  to  the  edge  of 
the  dish,  which  may  be  seen  by  surface  deflections  along  the  shadow 
of  a  window  bar,  or  the  edge  of  any  straight  object  placed  against 
the  light.  Upon  removing  the  needle  from  the  surface  of  the 
water,  a  similar  phenomenon  may  be  observed.  I  may  note  that 
in  this  experiment  the  entire  point  of  the  needle  to  be  immersed 
need  not  exceed  "Oi  part  of  an  inch  in  diameter,  that  is,  occupy  a 
space  upon  the  surface  of  the  water  greater  than  oooi  part  of  a 
circular  inch.  The  diameter  of  the  circular  dish  in  which  I  made 
the  experiment  was  12  inches.  Therefore  in  this  case  the  liquid 
surface  was  thrown  palpably  out  of  equilibrium  by  a  force  of  in- 
crease or  decrease  of  area  of  surface  by  '00007125  part  of  the  whole, 
neglecting  capillarity,  which  was  possibly  nearly  equal  in  the  elevation 
of  the  water  about  the  needle  to  the  volume  of  the  needle  immersed; 
the  point  of  the  needle  in  this  case  penetrating  the  water  for  a  very 
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11  depth  only.  This  puncture  of  the  surface  produced  a  ver>' 
viable  motion.  It  is  probable  that  the  same  form  of  motion  would 
occur  with  'Oi  part  of  the  absolute  displacement,  therefore  y^t  P^irt 
of  the  surface  strain,  but  in  this  case  we  should  need  special  optical 
means  for  its  detection.  By  further  experiment  to  discover  the 
limit  of  smallness  of  displacement'  necessary  to  produce  a  visible 
disturbing  influence,  a  glass  thread  of '00025  part  of  an  inch  diameter 
was  withdrawn  from  a  still  liquid  surface.  I  could  in  this  in- 
stance by  attentive  observation  detect  no  surface  disturbance  by 
reflection  at  a  distance  greater  than  3  inches  from  the  point  of  im- 
mersion. 

i.  I  have  already  considered  some  of  the  conditions  upon  which 
the  rigidity  of  a  liquid  surface  may  depend,  namely,  the  minus  elastic 
mobility  of  the  surface,  and  also  the  gelatinity  as  a  functional  quality, 
particularly  of  water  (12  prop,  c,  page  36).  These  principles  pre- 
viously considered,  if  true,  relate  to  the  surface  as  a  part  of  a  general 
mass.  The  conditions  I  now  wish  particularly  to  follow  relate  to 
the  surface  as  a  separate  system.  The  great  resistance  of  the  sur- 
face of  water,  as  shown  by  Count  Rumford's  experiments,  mentioned 
in  the  last  proposition,  assures  us  that  we  need  the  co-operation  of 
every  auxiliary  force  that  may  act  to  fully  account  for  the  great 
surface  rigidity  we  observe  in  certain  liquids,  particularly  in  water. 

Extensile  Forces  on  Liquid  Surface. 

16.  Proposition:  TAai  every  level  surface  of  a  liquiH  is  held  in 
tgailibrium  by  attractions  of  tlie  surface  molecules  to  each  other,  and 
ie  these  beneath  equally  per  area  of  the  molecular  surface  in  contact; 
(kit  such  equilibrium  acts  as  a  condensation  u/>on  the  surface  of  a 
Sfuid,  thereby  increasing^  the  molecular  surface  density. 

B.  Let  a  liquid  be  constructed  as  proposed  8,  9,  and  1 1  props. 


i 


Fig.  L.-SurTacc  EltCBjilt  ForcM. 

pter,  then  any  plane  surface  of  the  liquid  may  be  represented 

e  of  molecules  AA',  Fig.  11,  whose  lateral  attractions 

page  33)  will  be  equal  between  every  molecule,  and 
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therefore  place  this  part  of  the  system  in  lateral  equilibrium,  and  in 
gravitation  equilibrium  also  if  the  surface  be  horizontal,  as  before 
proposed. 

b.  To  represent  the  action  of  cohesive  forces  by  which  a  plane 
becomes  more  dense,  let  the  plane  BB'  be  one  of  a  liquid  system 
having  similar  globular  molecules  in  every  direction,  so  that  it  rests  in 
perfect  equilibrium  with  surrounding  molecular  forces  upwards,  down- 
wards, and  laterally;  then  will  the  molecular  attractions  of  the  plane 
A  A'  be  out  of  equilibrium  in  vertical  direction,  as  this  plane  will  have 
superior  attractions  in  proportion  to  the  extent  of  molecular  surface 
of  the  cohesive  liquid  system  downward  towards  the  plane  BB',  and 
no  upward  attraction  of  cohesion.  Now  as  the  molecules  AA'  fall 
upon  the  elastic  interstices  of  the  plane  B  B',  as  shown  for  three  places 
by  the  arrows  ^,  V,  b'\  indicating  the  equation  of  the  direction  of  the 
attractive  molecular  surface  forces  in  the  molecules  a^  a\  a".  These 
attractive  forces  will  therefore  be  equal  to  pressures  that  are  con- 
stantly active  between  the  molecules  .B  to  B'  to  press  between  them, 
and  thus  to  condense  the  surface  of  the  liquid  here  assumed  as  a 
mobile  molecular  plane. 

c.  By  the  same  forms  of  attraction  as  discussed  above,  the  mole- 
cules A  A!  will  also  by  their  downward  attractions,  which  act  as 
compressions  upon  the  first  surface  of  lower  molecules  B  B',  render 
this  lower  surface  also,  by  the  molecular  intrusions  in  the  stratum 
below,  more  dense  than  any  lower  part  of  the  liquid  system,  and  this 
again  by  like  compressions  more  dense  than  one  still  lower ;  the 
equilibrium  about  every  molecule  being  at  the  same  time  preserved 
as  far  as  possible.     This  is  quite  irrespective  of  gravitation. 

d.  In  like  manner,  by  the  molecular  conditions  proposed  (ii  prop, 
page  30),  and  of  elastic  pressure  proposed  (10  prop,  page  28),  every 
liquid  surface  upon  which  there  is  exerted  any  pressure  whatever 
by  a  motive  plane,  will  be  similar  to  the  surface  pressure  of  a,  a\  cT 
intrusive  in  the  direction  by  b\  b'\  as  in  all  cases  the  exterior  molecule 
will  be  driven  into  or  upon  the  interior  system  of  molecules  against 
the  elastic  resistance  of  the  polar,  or  pressure  positions  of  the  mole- 
cules in  the  assumed  porous  system.  Therefore  the  lower  surface, 
and  the  lateral  surfaces  at  any  angle  of  a  liquid  contained  in  a 
vessel  or  pressed  hy  b.  smooth  plane^^wiW  he  under  compressi/e  strain 
relative  to  the  central  equilibrium  of  the  liquid  system. 

e.  The  demonstration  of  the  conditions  here  assumed  of  conden- 
sation of  the  aerial  surfaces  of  a  liquid  may  be  inferred  in  an  experi- 
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t  as  early  as  Descartes,'  and  although  this  resembles  those 
already  offered  (page  36,  b)  by  Count  Rumford,  it  may  be  here  con- 
^dered  for  certain  particulars. 


/  An  ordinary  sewing  needle  placed  upon  the  surface  of  still 
water,  upon  which  it  floats  in  apparent  contact  with  the  water,  does 
not  break  the  continuity  of  surface  or  the  strength  of  internal  cohesion 
of  the  water,  to  follow  the  mass  attraction  of  the  floating  needle. 
In  this  case   the    needle    has    nearly    eight    times    the    specific 
gravity  of  the  water;  therefore  to  be  able  to  float  upon  it,  it  bends 
down  tbe  surface  of  the  water  surrounding  itself  a  quantity  equal  to 
nearly  eight  times  the  bulk  of  the  needle,  so  that  the  needle  lays 
in  a  trough  of  the  deflected  surface.     If  we  imagine  in  this  case 
that  the  weight  of  the  needle  presses  the  molecules  aa'a"  in  the 
previous  diagram  (Fig,  11)  into  the  surface  of  the  water,  the  elastic 
resistance  of  the  surface  will  be  increased  by  the  pressure,  as  there 
is  no  space  for  these  extra  molecules  without  disturbing  the  whole 
surface  system ;  at  the  same  time  the  lateral  liquid  retains  its  equili- 
brium by  an  outward  rounding.     This  experiment  further  gives,  as 
before  mentioned,  an  idea  of  the  general  elastic  cohesive  rigidity,  or 
gelatinity,  as  I  term  it,  of  the  water,  which  in  this  case  offers  resis- 
tance for  a  distance  below  the  absolute  surface  to  make  room  for  the 
indentation  in  which  the  needle  is  visibly  buried,  as  shown  in  the 
sectional  illustration  above,  which  represents  the  needle  enlarged 
2^  diameters.     The  gelatinity,  a^  a  resistance  in  this  case,  may  be 
partly  derived  from  the  continuity  of  like,  although  diminishing, 
mtermolecular  pressures  to  the  surface  pressure  which  acts  similarly 
Id  a  continuity  of  surface  forces  upon  the  internal  water  under  the 
airvin  as  proposed  c  above;   in  this  manner  producing  a  density 
ngring  inversely  as  the  square  of  the  radius  of  pressure  for  a 
small  depth.    The  expansions  of  the  lateral  surfaces  to  the 
formed  by  the  needle  are  rendered  nearly  free  of  extensile 
by  the  curvature  and  continuity  of  cohesional  contact  until 
Librium  of  gravitation  in  upward  hydrostatic  pressure  in  the 

•  Les  MitAires.    (Euvrti  de  DciearUs,  vol.  v.  p.  1 87. 


48  PROPERTIES   AND   MOTIONS   OF   FLUIDS.  xtPra^, 

near  parts,  equals  the  surface  resistance  of  the  hollow  surface,  so 
that  the  needle,  as  I  have  found,  by  the  elasticity  of  the  system 
deflects  the  surface  water  rather  less  than  a  weight  of  water  equiva- 
lent to  the  weight  of  the  needle. 

g.  When  the  needle  once  enters  the  water  it  descends  to  the  bottom 
with  great  velocity,  from  which  we  might  conclude  that  the  cohesive 
forces  of  the  water,  after  the  surface  is  once  penetrated,  are  much 
weaker  than  at  the  surface.  I  anticipate  that  there  is  not  a  great 
difference  in  the  general  cohesion  of  its  system,  in  the  depth  in  rela- 
tion to  the  surface,  derived  from  differences  of  molecular  attractions 
(5,  6,  8  props.)  causing  differences  of  density,  except  that  there  is 
more  perfect  equilibrium  in  the  depth.  The  greater  part  of  the 
visible  difference  in  the  case  in  question  being  the  motion  induced 
in  the  water  by  the  needle  after  it  has  entered  it ;  the  principles  of 
which,  I  will  hereafter  discuss  in  some  more  demonstrative  pheno- 
mena ;  this  proposition  being  entirely  confined  to  the  conditions  of 
the  surface  in  relation  to  the  static  liquid  interior,  the  subject  which 
I  am  endeavouring  to  investigate. 

//.  In  the  above  conditions  of  the  floating  needle,  if  the  surface  of 
the  water  were  already  under  tensile  strain,  as  is  now  popularly  con- 
cluded (i88o),  it  would  then  be  clear  that  tjie  weight  of  the  needle 
would  immediately  increase  this  tension,  and  unless  the  special  cohe- 
sion of  the  surface  were  by  some  undefined  cause  very  great  the 
needle  would  immediately  penetrate  it.  This  would  be  illustrated 
by  the  instance  generally  offered  of  a  stretched  drum-skin;  if  this 
were  stretched  very  tightly,  a  very  moderate  blow  with  a  heavy  body 
would  break  through  it,  but  if  it  were  loose  or  flabby  it  would  resist 
a  much  greater  blow,  as  the  blow  must  h^  plus  the  fcfision  present  in 
t^ie  first  case.  In  the  case  of  a  tension  also  the  surface  would  remain 
nearly  level  when  struck ;  in  the  case  of  molecular  condensation  which 
would  have  a  tendency  to  extension  (equivalent  to  looseness)  the 
surface  would  be  deflected  by  the  blow  of  the  heavy  body  without 
separation  as  the  water  surface  was  shown  to  be  by  the  weight 
of  the  needle. 

/.  To  obser\'^e  the  greatest  amount  of  deflection  of  a  liquid  surface 
by  a  weight  placed  on  the  surface  film  it  is  necessary  that  the 
heavy  body  should  be  perfectly  smooth  and  perfectly  clean,  as  any 
particleof  projecting  matter  would  disturb  the  molecular  arrangement 
With  distilled  water,  6o°  Fahr.,  I  have  found  that  a  straight  polished 
clean  steel  wire  with  hemispherical  ends,  of  one  inch  in  length  and 
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of  an  inch  in  diameter,  would  just  float  with  stability  if  un- 
disturbed until  oxidation  commences.  If  there  was  the  smallest 
particle  of  grease  upon  the  wire  a  much  less  diameter  only  would 
be  supported.  If  the  same  wire  was  dipped  in  acid  so  as  to  produce 
even  slight  oxidation  it  would  also  enter.  The  method  that  I  have 
found  best  suited  to  clean  the  wire,  after  polishing,  was  to  dip  it  in  a 
saturated  solution  of  caustic  potash,  to  rinse  it  in  clean  water,  and 
wipe  it  on  a  very  clean  linen  cloth ;  it  would  then  be  perfectly  sup- 
ported. If  it  is  not  wiped  it  oxidizes  slightly  in  drying.  But  I  have 
found  that  if  the  same  wire  be  afterwards  touched  by  a  greasy  body, 
or  one  not  perfectly  clean,  as  for  instance  a  hair  of  the  head,  ever  so 
sightly,  it  will  descend  immediately  upon  being  placed  on  the 
suifaceof  the  water.  The  necessity  in  this  experiment  for  the  polished 
and  perfectly  clean  surface  is  that  the  water  should  at  once  per- 
fectly adhire  to  the  wire,  and  so  retain  as  far  as  possible  the  mole- 
cular surface  positions.  I  will  make  this  matter  more  evident  by 
another  experiment  further  on  (20  prop.,  k  ante). 

j.  To  endeavour  to  investigate  the  depth  of  surface  that  would  be 
rendered  more  dense,  therefore  more  resistant,  by  the  action  of  co- 
hesive forces  in  the  liquid  conjointly  with  the  effects  of  gravitation 
upon  a  liquid  surface,  the  last  being  assumed  very  small,  I  con- 
structed a  small  scale-pan  of  microscopic  glass  thai  was  of  about 
X)i  of  an  inch  in  thickness,  and  105  of  an  inch  in  diameter;  this 
was  suspended  by  three  fibres  of  silk,  and  then  immersed  in  a 
beaker  nearly  full  of  water,  the  pan  was  attached  to  a  delicate  scale- 
beam  which  turned  distinctly  with  -oi  of  a  grain.  By  slowly  lower- 
ing the  surface  of  the  water  I  found  as  this  surface  descended  to 
the  pan,  that  a  resistance  which  first  disturbed  the  equilibrium  of 
flie  beam  was  observed  at  about  'oS  of  an  inch  below  the  surface ; 
ftis  resistance  increased,  but  did  not  appear  to  equal  01  of  a  grain 
until  tiie  pan  came  within  about  003  of  an  inch  of  the  surface.  In 
tte  above  case  the  resistance,  I  believe,  was  lai^ely  due  to  the 
Coeral  gelatinity  of  the  water;  for  if  the  pan  of  glass  was  moved 

Is  to  the  surface  very  slowly,  resistance  was  detected  with 
Hfikulty  until  it  was  very  near  the  surface, 
A  The  general  condensation  and  tendency  to  extensibility  of  a 

wrface  may  possibly  be  better  inferred  by  the  activitj-  at 

"ice  shown  in  inducing  the  solution  of  a  solid  in  a  liquid,  by 

c  pressure  near  the  surface  causing  a  more  perfect  contact 

le.     This  may  be  readily  seen  when  any  soluble  body 
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of  long  cylindrical  form  is  partly  immersed  in  a  liquid  which  has 
power  to  dissolve  it. 

/.  For  this  experiment  I  have  tried  successfully  a  cylinder  of  fused 
caustic  potash,  and  a  clear  sugar-stick  from  a  confectioner's. 
The  cylindrical  rods  of  the  soluble  bodies  were  cut  in  two 
by  the  solution  after  a  certain  time  at  the  surface  of  the 
liquid;  this  effect  is  known  to  occur  in  vacuum,  and  is 
general  in  all  soluble  bodies.  The  illustration  represents 
the  form  produced  by  the  solution  of  caustic  potash  or  sugar 
in  this  manner;  in  which  it  may  be  observed  that  near  the 
surface  plane  of  the  liquid,  the  narrowest  point  of  the  en- 
Fi^i3.  S^^^ving,  there  is  a  conic  pointing;  which  I  have  found 
generally  to  commence  at  about  'oS  of  an  inch  below  the 
surface  in  water.  This  depth  may  be  the  practical  limit  of  surface 
extensibility  by  condensation  for  water,  as  it  is  about  to  this  same 
depth  that  a  surface  of  water  may  be  deflected  by  a  small  heavy 
body  resting  upon  it  before  submersion. 

m.  The  conic  pointing  in  the  above  case  would  appear  to  indicate 
that  the  surface  condensation  acts  as  a  pressure  from  the  surface 
downwards  varying  inversely  as  the  square  of  the  distance  for  a 
certain  depth  (08  of  an  inch),  lower  than  which  depth,  the  general 
cohesive  forces  of  the  molecules  of  the  liquid  have  not  their  inertia 
much  disturbed  by  the  surface  forces;  possibly  by  reason  that 
their  polar  forces  (10  prop.),  although  these  are  assumed  weak,  yet 
exceed  at  this  distance  tlie  influence  of  surface  forces  due  to  attrac- 
tion in  the  area  of  cohesion  of  the  extreme  surface  molecules  as 
defined  a  of  this  proposition. 

;/.  In  the  above  experiment  it  may  be  observed  that  there  is  a 
general  conic  pointing  of  the  entire  cylinder  at  a  very  small  angle, 
as  observable  in  the  lower  part  of  the  engraving,  which  is  from  no 
function  of  surface  forces,  and  is  therefore  quite  independent  of  the 
principle  discussed  above.  This  general  conic  pointing  is  produced 
by  the  solution  of  the  solid  in  the  water  being  of  higher  specific  gra- 
vity, and  falling  over  the  lower  parts ;  the  solution  having  less  solvent 
power  in  proportion  as  it  is  saturated.  This  by  itself  would  pro- 
duce an  entire  cone  extending  to  the  bottom  of  the  solid,  and  not 
the  sudden  conic  pointing  at  about  'oS  of  an  inch  in  depth  in  the 
water,  as  shown  in  the  engraving. 

0,  The  same  conditions  of  surface  extensibility  by  condensation 
appear  to  be  evident  in  the  extensile  force  with  which  oils  or  spirits 
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over  the  surface  of  water  with  the  great  rapidity  observed. 
this  case  I  imagine  that  the  oil  or  spirit  takes  the  position  of 
the  attracted  surface  molecules  of  the  water,  and  that  these  liquid 
molecules  by  the  superimposed  attractive  matter  become  now  the 
interior  of  the  surface  system,  where  they  fall  to  equilibrium  as  lower 
molecules,  and  become  as  other  deeper  parts  of  the  water,  except 
that  the  surface  still  retains  a  certain  condensation  in  ratio  to  the 
differences  of  specific  gravity  of  the  water  and  the  lighter  fluid  noiv 
abn'e.  I  imagine,  however,  that  in  this  case  there  is  a  certain 
amount  of  chemical  action,  in  which  the  oil  or  spirit  has  strong 
attraction  towards  the  critical  fluid  or  vapour  which  I  assume  to 
be  superimposed  over  the  water  at  all  times  (8  prop,  e,  page  22), 
although  this  vapour  is  of  too  small  a  specific  density  to  produce 
the  same  state  of  equilibrium  as  that  of  a  denser  fluid,  that  is  of  the 
oil  or  spirit  mentioned  above. 

17.  Capillarity,  defined  as  tlie  action  of  a  liquid  which  cmises  it 
6>  rise  mid  hold  itself  up  or  to  be  depressed  against  a  solid  about  the 
SKrfaci  gra-vitation  plane,  may  be  attributed  to  five  causes.  I.  T/tc 
force  of  extension  by  attraction  into  tlte  liquid  surface.  2.  Tlie  attrac- 
tivi  forces  of  tlte  surface  moleatlcs  seeking  the  greatest  area  of  contact. 
J.  Tfa  elasticity  of  surface.  4.  Tlie  adhesion  of  the  liquid  to  the  solid. 
5.  Geyural  coltesion  of  tlte  liquid  system.  These  conditions,  although 
relative  to  each  otiier  in  a  certain  degree,  are  taken  separately  in  the 
fellewing  propositions. 

18.  Proposition:  Tliat  aerial  surface  forces  of  condensation  shown 
,iMtke  last  proposition,  sttpported  by  lateral  molea4lar  pressure  {10  prop.), 
hit  Ending  to  a  like  extensibility,  are  causes  of  the  rise  of  liquids  against 

solid  surfaces,  where  the  liquids  are  sufficiently  free  frovi 
intennoUailar  attractions  to  be  able  to  touch  the  vertical  sur- 
at  tlu  Iwrisontal gravitation  surface  plane  of  the  liquid. 

If  3  vertical  surface  rising  above  the  aerial  plane  of  a  liquid  be 

as  regards  attraction  for  tlic  liquid,  the  liquid  will  then  rise 

the  solid,  by  the  eff'ccts  of  molecular  condensations  produc- 

i!c  surface  forces,  as  shown  by  the  following  diagrams:— 

A  B,  Fig.  14,  be  an  aerial  surface  of  a  liquid,  and  B  C  be  the 

fa  solid  neutral  as  regards  its  attractive  forces  to  the  liquid, 

the  pressure  that  it  receives  from  the  elasticity  of  the 

Then,  by  the  condensation  of  aerial  surface  (16  prop. «) 
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horizontal  surface  pressures  will  press  the  molecular  elastic  system 
from  A  towards  B,  and  hydrostatic  pressures  upon  the  vertical  solid 
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Fig.  M.-Diagram. 
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Fig.  15. — Diagram. 


acting  laterally  will  also,  as  hydrostatic  forces,  act  vertically 
(10  prop.  Cy  page  29),  and  will  tend  to  press  the  molecular  elastic 
system  at  the  surface  upwards  to  B,  which  will  be  the  point  of  least 
resistance  of  a  uniformly  cohesive  porous  system  under  pressure, 
and  the  entire  system  by  the  composition  of  forces  will  be  deflected 
in  the  direction  of  the  arrow  near  B.  This  will  occur  although  a 
surface  rests  in  equilibrium  (15,  art.  ci)  if  the  downward  attraction 
of  the  surface  molecules  (16  prop.)  cause  a  condensation  by  the 
direction  of  their  attractions,  and  this  condensation  will  produce  an 
extension  at  the  boundaries  of  a  free  surface. 

b.  The  equilibrium  of  extensile  surface  forces  for  the  inside  of  a 
flexible  cubic  cavity,  under  a  state  of  free  extensibility,  may  be 
shown  exaggerated  theoretically  for  one  side  at  B'  in  the  second 
diagram.  Fig.  15.  If  the  vertical  solid  plane  were  continued  rigid, 
as  by  upward  continuation  of  the  vertical  side,  B  C,  Fig.  14,  the 
surface  deflection  would  then  act  upwards  only  against  this  plane. 

c.  Under  the  conditions  of  porous  molecular  construction  proposed 
(10  prop.)  there  can  be  no  doubt  that  hydrostatic  pressures  will 
tend  to  extend  and  support  the  surface,  BC,  Fig.  14;  but  this  may  be 
otherwise  partly  demonstrated  by  pressure  upon  soft  or  hard  sub- 
stances proportionally  to  their  fluidity,  as  defined  2  art  b.  Thus,  if 
we  move  a  flat  board  horizontally  in  water  with  its  plane  normal  to 
the  direction  of  motion,  the  pressure  upon  the  water  causes  it  to 
rise  upon  the  near  forward  part.  If  we  press  a  long  roll  of  butter 
at  one  end  this  end  expands,  or  if  we  press  a  malleable  metal  the 
same  will  occur ;  this  last  instance  is  very  important  in  mechanics, 
as  the  whole  process  of  riveting  depends  in  principle  upon  the 
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malleable  surface  being  expanded  by  the  pressures  or  percussions  of 
the  blow  of  the  hammer  being  active  as  extensile  force  througli 
condensation  near  the  point  of  incidence,  and  although  the  plane 
C  B  be  assumed  static,  in  this  case  of  hydrostatic  pressure,  yet  by 
the  molecular  porosity  and  elasticity  of  the  liquid,  the  pressures 
against  the  plane  will  give  the  same  tendency  to  extension  as  if  the 
plane  were  in  a  small  degree  motive. 

d.  Under  the  conditions  of  this  proposition,  a  given  liquid  should 
rist  from  a  Ircel  plane  equally  upon  all  bodies,  the  rise  depending 
entirely  upon  the  molecular  forces  of  the  liquid,  and  not  upon  the 
solid  upon  which  it  rises;  but  these  conditions  will  be  modified  in 
certain  cases,  as  for  instance  if  the  liquid  by  any  cause,  as  by  the 
strength  of  its  molecular  cohesion,  does  not  by  its  adhesion  wet  the 
solid  at  its  aerial  plane,  then  the  same  conditions  of  extensile  sur- 
face force  would  cause  the  liquid  to  round  outwards,  that  would 
otherwise  cause  it  to  form  a  hollow  against  a  plane  of  resistance  to 
the  free  action  of  its  surface  extensile  forces.  The  strength  of  the 
extensile  force,  although  small,  would  at  al!  times  compel  a  liquid  to 
take  either  the  round  or  the  hollow  form, 

f.  A  liquid  will,  by  its  forces  of  surface  extension  through  attrac- 
tion into  its  mass,  constantly  tend  to  drift  the  matter  of  its  surface 
out«-ards  to  the  most  free  circumscribing  area,  where  it  will  produce 
from  this  cause  a  small  upward  curvature  against  any  vertical  solid. 
But  as  this  curvature  increases,  the  molecules  will  be  proportionally 
more  nearly  circumscribed  by  contact  with  others,  and  consequently 
be  also  more  nearly  in  vertical  equilibrium  (ii  prop.,  page  30);  so 
that  a  molecule  In  a  hollow  will  approximately  resemble  a  lower 
molecule,  there  being  less  excess  of  attractive  force  in  one  direction. 
It  is  partly  upon  this  principle  that  by  the  superior  strength  of  sur- 
face molecular  attractions  into  a  level  plane  (16  prop.)  over  the  more 
neariy  circumscribed  attractions  of  a  hollow  plane,  that  any  light 
si^d  body  placed  upon  a  liquid  near  the  edge  of  the  containing 
vessel  will  drift  from  the  side  it  receives  the  greatest  normal  pressure 
4D  tiiat  upon  which  it  receives  the  least,  or  from  the  level  surface  to 
Ae  area  of  greatest  curvature  against  the  solid  surface  of  the  vessel. 
aEbe  excess  of  surface  curvature  caused  by  the  presence  of  the  body 
"Tao  accelerate  the  drifting  to  the  most  concave  side,  as  the  con- 
1  of  20  prop,  will  show. 
-re  take  this  proposition  in  conjunction  with  the  last  (16 
obystcal  law  of  pressure  of  a  liquid  against  a  vertical 
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surface  becomes  more  simplified  for  the  rise  of  a  liquid  against  a 
solid  than  the  conditions  required  for  the  assumed  surface  tension 
of  a  level  aerial  plane  of  a  liquid,  and  of  hydrostatic  pressure 
below  this  plane.  As  we  find  under  the  conditions  now  offered, 
the  hydrostatic  pressure  to  be  a  continuous  process  affecting  the 
entire  depth,  therefore  acting,  although  not  quite  equally,  for  all 
depths ;  the  cohesive  surface  forces  of  the  aerial  plane  acting  also 
in  the  same  direction  in  some  ratio  inversely  proportional  to  their  dis- 
tances from  the  surface,  thus  strengthening  the  surface  forces  under 
conditions  given  in  (i6  prop.),  so  that  the  entire  pressures  are  positive. 
Whereas,  if  we  imagine  a  tension  upon  a  level  surface,  this  must  be,  as 
assumed  by  Segner,  a  force  superior  to  the  hydrostatic  pressure  at 
the  surface  plane,  or  it  could  not  act  as  a  tension;  therefore  upon  a 
vertical  plane  rising  from  a  liquid  we  should  have,  by  the  theory  of 
surface  tension  conjointly  with  the  conditions  of  hydrostatic  pres- 
sure rising  from  depths  below  the  surface,  the  pressures  diminishing 
upwards  to  a  certain  line  until  they  cease  to  act  and  become  neutral 
at  this  line,  whereas  above  this  line  there  would  be  negative  pressures, 
increasing  inversely,  or  as  minus  pressures  up  to  the  aerial  surface; 
conditions  which  appear  to  me,  although  supported  by  the  theore- 
tical deductions  of  many  great  philosophers,  are  too  complicated  to 
be  possibly  imagined  to  be  possessed  by  the  same  physical  body, 
in  which  we  can  distinguish  no  difference  of  parts  and  only  spiall 
differences  of  conditions  as  active  at  the  surface  that  are  not  general 
for  the  mass. 

g.  The  above  paragraphs  relate  only  to  the  extensile  pressures  of 
an  open  liquid  against  an  open  vertical  plane,  the  liquid  surface 
being  assumed  of  extensive  area.  Otherwise  if  the  surface  area 
were  closed  by  contiguity  of  other  vertical  planes,  or  if  it  were  sur- 
rounded by  solids,  then  any  elevation  of  the  liquid  against  such 
solids  by  causes  discussed  above,  would  abstract  a  certain  portion 
of  the  liquid  from  the  part  of  the  close  area  that  would  be  at  the 
time  below  the  surface  plane,  and  this  abstraction  would  have  a 
tendency  to  contract  the  capillary  area,  although  the  surface  forces 
were  acting  as  pressures  upon  its  boundaries;  but  by  the  next 
proposition  I  will  endeavour  to  show  that  the  cohesive  forces  direct 
the  surface  pressures  upon  the  vertical  solids  lineal  to  their  planes, 
and  this  will  limit  the  action  of  the  surface  extensile  forces  as  out- 
ward pressures,  particularly  in  very  close  areas. 
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9,  Proposition  :  That  the  coftesive  force,  by  which  tlie  ntokcules 

I  udilkt greatest  area  of  attractive  surface  {ii  prop.),  is  a  cause  of  tlu 

I   antinuify  of  the  rise  of  liquids  against  solids  partiadarly  in  tubes 

ttddesc  areas,  where  tlie  liquid  surf  ace  is  of  limited  extent,  and  sup- 

I  firttd  by  near  resistances. 

a.  Assuming  extensile  forces  under  the  conditions  given  in  the  last 
proposition  to  cause  a  certain  smaU  elevation  of  a  liquid  against  a 
vertical  solid,  the  cohesive  forces  of  the  molecule  seeking  the  greatest 
area  of  cohesive  contact  would  support  such  elevation  as  a  rigid  sys- 
tem, but  by  its  own  action  it  would  not  elevate  the  system  of  a  liquid 
from  its  level  plane  in  equilibrium  of  repose;  but  conjointly  the  ex- 
tensile and  aerial  cohesive  forces  proposed  would  cause  this  eleva- 
tioD.  It  may  nevertheless  be  observed  that  these  forces  would  act 
in  BO  case  othcr\visc  than  as  surface  forces,  and  would  not  be  the 
mtire  causes  of  the  maintenance  of  a  liquid  high  up  in  a  fine  tube, 
a  this  will  depend  principally  upon  adhesion  and  mass  cohesion 
rf  the  liquid  to  the  tube  upon  conditions  to  be  hereafter  con- 
sidered. 

A  The  extensile  force  at  the  boundary  of  a  liquid  surface,  con- 
sidered in  the  last  proposition,  will  account  for  the  circumstances 
of  deflection  of  a  liquid  against  any  vertical  solid  plane.  The  plane 
in  this  case  may  act  in  one  of  two  ways  according  to  the  cohesive 
forces  manifest  at  the  surface  of  the  Hquid  in  relation  to  the  attractive 
forces  for  the  solid.  If  the  solid  body  has  no  attraction  of  adhesion  to 
the  liquid,  but  an  apparent  repulsive  force  towards  it,  the  Hquid  by  its 
molecular  cohesion  will  not  rise  against  the  solid,  but  will  establish  a 
Winded  edge  upon  its  own  mass  against  it,  as  we  find  mercury  does 
gainst  glass.  In  this  case  the  molecular  forces  of  the  liquid  seek 
equilibrium  by  attraction  to  the  greatest  molecular  area  (ii  prop., 
P^30)  in  their  own  mass  conjointly  with  molecular  surface  extensile 
fcfMs.  The  lateral  supporting  vessel,  not  entering  into  the  system  of 
;*toactive  forces,  is  to  the  liquid  negative,  or  as  the  continuity  of  the 
surface  to  a  plane  of  cohesive  equilibrium,  therefore  the 
mass  of  mercury  acts  as  tlie  oil  to  the  dilute  alcohol  in 
iteau's  experiment  mentioned  (i  i  prop,  c,  page  32).  In  the  case 
iry  in  a  tube  we  have  outwardly  a  flattened  nearly  globular 
1  gravitation  equilibrium  with  equal  surface  extensile  forces, 
forces  producing  nearly  cylindrical  edges  in  all  cases  in 
a  when  resting  upon  a  level  non-adhesive  plane. 
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c.  In  the  case  of  mercury  in  a  tube,  there  being  assumed  no 
attraction  to  the  solid  by  the  continuity  of  attractive  forces  in  the 
liquid,  this  is  drawn  down  by  general  cohesive  forces  upon  itself 
according  to  the  conditions  shown  (11  prop.  6,  page  30),  under  such 
circumstances  there  is  no  necessity  to  assume  repulsive  forces  between 
the  liquid  and  the  solid,  as  the  excessive  intermolecular  cohesion  of 
mercury  is  sufficient  in  itself  to  overcome  other  weaker  forces  for 
the  depression,  in  this  case  observable ;  the  glass  being  assumed  to 
be  quite  neutral  to  the  mercury,  or  even  if  it  were  inferiorly  attrac- 
tive to  it  (negative)  relative  to  its  own  intermolecular  attractions,  tlie 
same  would  occur.  If  by  the  conditions  present  any  liquid  is  unable 
at  first  by  its  adhesive  force  to  touch  a  vertical  solid  at  its  aerial 
plane  it  will  form  a  rounding  surface. 

d.  If,  on  the  other  hand,  the  vertical  surface  of  resistance  to  the 
extension  of  a  liquid  plane  is  a  solid,  to  which  the  liquid  is  freely 
adherent,  the  force  of  this  adhesion  may  be  equal  to  that  of  the  inter- 
molecular forces  of  the  liquid  per  area^  or  greater  or  less  than  this. 
We  will  take  a  case  in  which  we  may  assume  them  greater.  Then, 
by  the  superior  attraction,  the  liquid  surface  in  equilibrium  will  by 
its  attractive  forces,  form  a  hollow  circular  curve  inscribed  in  the  angle 
of  contact  of  the  vertical  surface  of  the  solid  and  the  horizontal  sur- 
face of  the  liquid  (11  prop.,  page  30),  if  we  neglect  the  influence  of 
gravitation,  which  would  enter  with  a  certain  force  into  composition 
with  the  molecular  surface  forces  proposed. 

e.  Now  taking  the  above  conditions,  but  admitting  the  con- 
stant action  of  gravitation  to  be  sufficient  to  materially  reduce  the 
surface  rise  of  a  liquid  system  against  an  adhesive  solid.  If  we 
assume  a  surface  extensile  by  condensation,  it  may  be  equal  as  a 
supporting  system,  and  give  extensile  rigidity  to  the  surface  plane 
of  the  liquid;  that  is,  it  may  be  inversely  proportional  tp  the  de- 
pressing force  of  gravitation,  and  the  molecular  attractive  forces  of 
the  liquid  surface  system  simply  may  be  manifest  through  the  com- 
position of  all  other  forces  present,  and  the  area  of  surface  be  a 
circular  concave  by  the  free  action  of  its  molecular  surface  attrac- 
tions alone.  This  would  appear  to  be  a  very  general  condition  of 
capillarity  in  small  areas.  Under  these  conditions  a  liquid  resting 
against  a  vertical  attractive  surface  may  be  theoretically  satisfied 
by  principles  shown  in  the  following  diagram : — 

Let  A  be  a  liquid  mass,  the  general  conditions  of  which  will  be 
as  those  proposed  in  (prop.  16). 


\ 
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/.  Let  6  be  a  vertical  surface  having  equal  molecular  attraction 
or  adhesion  upon  the  molecular  system 
as  upon  the  liquid  at  A.  If  we  omit  the 
action  of  gravitation,  and  assume  B  to  be 
Vittted  by  the  liquid  to  ensure  cohe- 
siod;  then  the  surface  molecules  seek- 
ii^  the  greatest  area  of  radial  forces 
about  tlieir  centres  as  given  in  (i  i  prop.) 
woold  be  in  equilibrium  at  abcde,  the 
liquid  being  contained  within  the  angle 
produced  by  the  lines  A  B  by  an  inscribed  pig  ,6._cohaive  Surface  Forc«. 
quadrant  of  a  circle. 

/.  If  gravitation  forces  were  active  in  a  superior  degree  to  surface 
extensibility  by  condensation,  or  resistant  solids  were  too  dis- 
tant to  support  the  general  cohesive  surface  system,  then  the  first 
molecule  a,  lield  on  a  plane  of  repose,  would  not  be  in  symmetrical 
equilibrium  with  the  next  molecule  upon  the  plane  z ;  this  molecule :; 
would  be  therefore  pressed  outwards  from  the  angle  upon  the  plane, 
so  that  the  curvature  would  be  more  nearly  elliptical,  and  the  whole 
s)^tem  would  be  under  elastic  strain,  in  which  the  extensile  strain 
upon  the  surface  of  the  liquid  would  permit  the  support  of  a  certain 
mass  of  liquid  only  in  the  angle  by  surface  molecular  forces  against 
the  action  of  gravitation,  which  would  be  active  in  bringing  down 
the  entire  system  to  a  hyperbolic  curve. 

h.  If,  on  the  other  hand,  we  assume  the  point  z  to  be  firmly  sup- 
ported, this  would  maintain  the  liquid  hollow  with  greater  rigidity, 
or  if  another  plane  were  elevated  above  the  liquid  vertically  at  r,  this 
being  opposite  to  the  first  at  the  same  angle  as  A  B,  these  angles 
would  then  conjointly  maintain  the  liquid  with  greater  rigidity  by 
completing  a  semicircle  of  curvature  of  the  liquid  surface  between 
tbem.  It  will  be  also  seen  that,  as  by  my  theory,  the  surface  mole- 
cule always  seeks  the  greatest  area  of  surface  contact  with  a  certain 
farce,  and  that  this  is  best  satisfied  by  the  smallest  curvature,  and 
Jgf  this  also  the  surface  extensile  forces  are  deflected  to  positions 
with  the  solid  against  which  the  liquid  rests;  so  that  this 
ile  force  becomes  nearly  inactive  upon  the  solid  to  press  it 
At  the  same  time  by  the  strength  of  cohesion  the  surface 
tends  constantly  to  decrease  its  radius  witli  a  certain  force. 
Ws  principle  that  two  free  globular  solids  floating  upon  an 
uid,  when  near,  are  drawn  together  by  the  strength  of 
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surface  cohesion  in  the  liquid  molecules  seeking  the  greatest  area  of 
contact  by  internal  curvature.  The  same  also  occurs  when  the 
floating  bodies  have  attraction  for  the  liquid  inferior  to  the  inter- 
molecular  cohesion  of  the  liquid,  where  an  outward  rounding  is 
established  in  the  liquid  against  them,  as  in  this  case  also  by  the 
depression  of  the  rounding  surface  the  molecule  of  the  liquid  finds 
the  greatest  area  of  contact  in  the  approach  of  the  floating  solids. 
On  the  other  hand,  in  the  case  of  two  free  bodies  floating  on  a  liquid, 
the  one  adhesive  to  it  and  the  other  non-adhesive,  the  hollow  liquid 
surface  of  the  one  coming  against  the  rounding  liquid  surface  of  the 
other,  the  greatest  area  of  molecular  contact  is  then  found  in  a  plane, 
which,  as  a  rigid  system  of  surface,  acts  repulsively  to  the  approach 
of  the  two  bodies  (i8  prop.)  which  would  upon  approach  cause,  by 
the  opposition  of  surface  curvatures,  a  less  area  of  molecular  contact 

20,  Proposition  :  That  t/ie  cohesive  forces  of  liquids  are  directly 
proportional  to  the  fiearness  of  the  parts.  So  t/iat  upon  a  concave  or 
a  convex  surface  the  cohesive  forces  constantly  tend  to  make  the  radius 
of  airvature  less,  acting  with  elastic  surf  ace  forces  equal  to  the  strength 
of  tlie  co/tesion  of  the  liquid  to  produce  this  result. 

a.  Referring  again  to  Fig.  ii,  page  45,  we  may  assume  that  the 
plane  of  surface  molecules  A  A'  will  be  held  in  attractive  positions 
by  the  plane  B  B';  the  molecules  A  A'  intruding  by  their  attractions 
within  the  plane  B  B'  upon  their  lower  sides,  but  that  in  the  open 
space  above  the  surface  A  A'  there  are  present  no  such  intrusions; 
therefore  the  tendency  of  the  surface  molecules  would  be  to  draw 
themselves  together  if  not  resisted  by  the  attractive  forces  acting  in 
the  lower  plane.  Now,  if  upon  the  level  plane  these  molecules  exert 
a  certain  lateral  attractive  force  towards  each  other,  although  this 
force  be  effectively  neutralized  by  the  attractions  of  the  lower  plane, 
yet  if  this  plane  by  any  cause  be  deflected  so  as  to  become  concave, 
the  surface  molecules  would  then  exert  more  lateral  attraction  from 
their  nearness,  and  if  the  deflection  be  convex,  they, would  exert 
less  lateral  force  from  their  greater  distances.  We  may  further  con- 
ceive that  in  relation  to  the  plane  below,  the  greater  the  concave 
deflection,  the  nearer  the  surface  molecules  would  arrive  at  a  state  of 
circumferential  equilibrium  (ii  prop.),  therefore  press  less  by  their 
plus  attractions  upon  the  lower  plane,  and  the  more  the  surface  was 
deflected  in  a  convex  form,  the  less  would  be  the  lateral  attrac- 
tion of  every  surface  molecule  about  its  centre,  and  the  more  it 
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wouid  press  downwards,  so  that  the  level  surface  would  represent 
a  condition  of  cohesion  under  a  constant  strain  although  in  equili- 
brium, that  a  greater  curvature,  either  concave  or  convex,  would 
partially  release  in  one  direction, 

i.  As  I  have  assumed  every  molecule  of  a  liquid  system  to  be 
surrounded  by  elastic  forces  (S  prop.),  the  surface  system  of  liquids 
must  necessarily  be  elastic  also.  Further,  as  in  cohesive  elastic 
masses,  if  one  plane  of  strain  is  under  deflection  by  a  force  that 
neither  increases  nor  decreases  the  general  equation  of  forces  in  the 
mass,  then  the  elastic  compression  on  this  plane  must  be  some- 
where compensated  by  an  extension  in  another  part  Thus,  if  we 
assume  the  attractive  forces  upon  the  molecules  of  a  concave  surface 
film  in  a  capillary  tube  to  be  a  self-contained  system,  then  by  the  con- 
ditions given  in  the  last  proposition,  if  tliis  surface  attracts  the  mole- 
cules so  as  to  produce  a  hollow  witli  a  certain  force,  which  at  the 
same  time  compresses  the  liquid  laterally  at  tlicsurface,  there  will  be 
somewhere  in  the  system  an  equivalent  extensile  force  which  estab- 
lishes the  elastic  equilibrium.  This  matter  may  be  roughly  demon- 
strated by  an  experiment  as  under. 

1".  If  we  take  a  piece  of  vulcanized  india- 
rubber  of  the  size  represented  in  the  engrav- 
ing, say  i}  inch  by  i  inch,  and  of  anj'  thick- 
ness, and  make  dots  over  the  surface  with  a 
pen  at  equal  distances  in  three  lines,  and  now 
bend  this  into  a  hollow  as  in  the  engraving 
by  a  force  upon  the  india-rubber,  assumed 
to  represent  the  lateral  attractive  surface 
forces  ofthe  molecules  in  the  concave  area,  in-  -^"rfSrEiceF 

dudng  them  to  make  the  greatest  area  of  con- 
tact (l  I  prop.);  then  the  molecules  on  the  surface  plane  A  A'  as  they 
;  ire  drawn  together  will  be  condensed,  and  have  thereby  a  tendency 
to  extend  upwards  upon  the  surface  D  D'  at  the  termination  of 
planes,  and  the  molecules  below  the  surface,  retaining  their 
or  pressure  positions,  will  have  also  a  tendency  to  distend 
'JOtwards  from  the  axis  of  curvature,  so  that  on  the  surface 
lar  plane  under  internal  curvature  there  will  be  a  kind  of 
Ri  caused  by  attractive  forces,  but  at  the  terminal  edges  of 
(face  there  will  be  an  extension  which  will  press  the  liquid 
»o  the  surfaces  represented  by  D  D'.  On  the  planes  below 
also  be  an  extension  that  will  press  the  liquid  against 
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the  tube,  the  extensions  at  the  upper  edges  and  lower  planes  produc- 
ing an  inflection  of  the  surface  plane.  Therefore  that  the  entire 
liquid  acts  as  a  tension  to  draw  the  sides  of  the  tube  together  and 
rise  in  the  tube,  is  that  the  surface  molecules  seeking  the  greatest 
area  of  contact  act  always  with  force  to  decrease  the  area  and 
increase  the  curvature,  at  the  same  time  the  surface  extension  A  A', 
Fig.  17,  being  directed  upwards  by  the  cohesive  surface  forces 
lineal  to  the  plane  of  the  vertical  surface,  and  the  lower  extension 
B  B'  C  C  pressing  matter  towards  the  .periphery  of  the  tube  to 
stipply  the  surface  extensions,  but  with  small  force  only.  It  is  im- 
portant to  observe  in  the  above  case,  that  the  cohesive  forces  which 
draw  the  surface  molecules  to  closer  curvature,  and  thereby,  by  the 
elasticity  of  the  system,  cause  them  to  appear  to  act  as  a  tension 
of  the  surface  upon  the  vertical  solids  against  which  they  are  placed, 
act  at  the  same  time  as  an  extension  of  this  surface  at  its  boundaries 
in  the  same  manner  as  indicated  18  prop.  b.  It  will  be  seen  that 
the  theory  here  proposed,  in  which  the  contraction  of  capillary 
areas  is  the  result  of  the  elasticity  pf  the  surface  forces  only,  is  quite 
opposite  to  that  of  Monge,  wherein  the  surface  molecules  are  repre- 
sented by  /inteariay  the  separate  molecular  tensions  resembling  the 
dragging  action  of  the  links  of  a  free  hanging  chain.  If  a  liquid 
could  possibly  rise  in  a  tube  under  such  surface  tension,  with  the  con- 
stant force  of  gravitation  pulling  normal  to  this,  there  would  be  pro- 
duced a  curve  similar  to  that  observable  at  the  capillary  surface  in  a 
small  vertical  tube;  but  exactly  the  same  surface  form  is  produced 
in  opposition  to  gravitation  when  the  liquid  is  suspended  in  a  fine 
tube,  or  when  it  rests  horizontally  in  one,  so  that  the  surface  curva- 
ture observable  in  capillary  action  in  close  areas  is 
independent  of  gravitation,  or  it  may  be  so. 

d.  By  another  experiment  I  was  able  to  observe 
the  extensibility  of  a  liquid  plane  immediately 
below  the  surface.  If  we  split  off  a  very  thin  scale 
of  talc,  this  will  be  found  sufficiently  flexible  to  be 
folded  upon  itself,  and  if  the  fold  is  rubbed  down 
upon  a  smooth  surface  with  the  thumb  nail,  the  talc 
will  be  broken  and  remain  quite  close,  so  as  even  to 
possess  a  certain  elasticity  of  closure.  If  we  now  cut 
the  doubled  talc  with  scissors,  into  a  square  of  half 
an  inch  or  so,  leaving  two  projecting  points  at  the  ends  of  the  fold, 
wc  may  suspend  this,  by  two  fibres  of  silk,  so  as  to  leave  the  free 


Fig.  18. 
Internal  Capillarity. 
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edges  downwards.  If  the  talc  planes  arc  now  lowered  in  water,  upon 
first  contact  the  water  will  instantly  rise  between  them,  and  if  the 
plines  be  open  they  will  at  first  be  drawn  together,  but  if  we  con- 
tinue to  lower  them  wc  find  that  at  a  certain  point  they  will  open 
out,  and  as  we  lower  them  more  they  wiii  open  more,  the  effect 
being  the  same  as  tliat  produced  upon  the  dots  on  the  india-rubber  ■ 
in  the  previous  experiment,  where  the  lower  dots  are  opened  out  in 
ihtjamc  ntio  as  tJie  upper  ojiss  ait;  closed. 

I.  Upon  these  principles  every  concave  surface  system  will  have  an 
elasticity  which  will  tend  to  press  the  liquid  against  the  tube  or  close 
area,  at  a  plane  not  distant  below  the  surface,  and  at  the  same  time 
the  cohesive  surface  forces  will  constantly  bend  over  the  extreme 
surface;  under  these  conditions  the  extensile  pressure  would    in- 
crease the  adhesive  and  cohesive  forces  in  the  same  ratio  upon  the 
solid  (iS  and   19  props.),  and  the  liquid  would  be  drawn  by  near 
attractions  through  pressure  and  its  increased  density  to  the  area 
of  nearest  contact   by  continuity  of  forward   pressures  until   the 
elastic  surface  forces  became  in  equilibrium  with  the  resistances  and 
the  general  cohesion  of  the  system  of  .supply;  or,  if  the  system  were 
vertical  to  this  strain,  and  to  that  of  the  resistance  of  friction  and  of 
gravitation  conjointly;  as,  for  instance,  if  a  free  drop  of  adhesive 
liquid  were  placed  in  a  conical  area,  it  would  move  towards  the 
vertex  of  the  cone  by  the  forces  here  defined  being  more  active  in 
the  smaller   radius  of  surface   curvature,  as   also   by  the  surface 
density  impressing  the  greatest  lateral  force,  everj'  movement  at  the 
same  time  by  surface  deflection  increasing  the  curvature;  or,  if  it 
were  connected  at  the  base  of  the  cone  with  a  mass  of  liquid,  it 
would  move  towards  the  vertex  until   the   liquid   surface   forces 
equalled  the  resistance  of  cohesion,  friction,  and  gravitation  com- 
^  bincd. 

yC  If  we  now  take  the  conditions  of  a  convex  liquid  surface ;  in  this 

case  the  surface  molecules  will  be  farther  apart,  therefore  their  attrac- 

tioos  to  each  other  will  be  less.     But  as  the  cohesive  forces  to  the 

nass  will  be  now  further  out  of  equilibrium  with  radial  forces,  these 

attractions  will  be  proportionally  stronger  on  the  mass  system 

j^tneatli.     Further,  these  outer  molecules  will,  by  the  angle  of  con- 

'-'■**"^on  those  beneath,  have  greater  force  of  intrusion,  so  that  as  the 

dty  increases  the  surface  extensile  forces  will  increase  also. 

i«r  free  aerial  elastic  surface  forces  here  assumed  for  convex 

'*\it  conditions  offered  above,  will  have  a  certain  tendency 
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to  extensibility;  and  if  we  consider  them  as  being  impr^sied  on  a 
certain  stratum  of  neutral  liquid  they  will  be  active  upon  one  side, 
that  is,  upon  the  upper  or  aerial  side  of  the  stratum  taken.  Suppose 
the  extensile  force  upon  the  aerial  surface  by  itself  to  be  equal  to  a 
force  that  would  increase  a  small  circular  area  by  J,  then  the  stratum 
of  the  liquid  considered  would  be  in  extensile  equilibrium  from  this 
cause  when  its  exterior  superficial  area  exceeded  its  interior  by  J. 
It  is  clear  that  in  a  thin  stratum  this  would  produce  a  regular 
spherical  curve  of  rapid  curvature,  if  the  surface  stratum  were  free 
to  extend  in  the  ratios  of  the  extensile  forces  present 

h.  By  the  conditions  just  proposed  exterior  extensibility  of  a 
limited  small  mass  would  find  static  equilibrium  at  a  certain  out- 
ward spherical  curvature;  and  if  we  were  to  consider  the  position  of 
any  lineal  plane  of  a  liquid  surface  at  this  curvature  in  equilibrium 
as  equivalent  to  that  of  an  elastic  lineal  solid  body  in  astatic  posi- 
tion, we  might  then  compare  it  with  this  body.  For  instance, 
taking  one  direction  of  the  spherical  surface  of  the  liquid  at  its 
assumed  curvature  of  equilibrium  to  be  represented  by  a  narrow 
semicircular  steel  spring  of  perfect  flexibility,  as  a  part  of  a  watch- 
spring  sufficient  to  form  the  letter  C,  then  we  should  find  that,  to 
straighten  out  this  spring  to  a  flat  plane,  it  would  take  a  constant 
force  nearly  proportional  to  the  distance  moved  in  straightening  it 
about  its  axis  of  curvature. 

u  If  a  liquid  surface  under  the  conditions  given  above  were  free 
from  lateral  attractions,  the  extensile  surface  action  of  liquid  (i6 
prop.),  acting  rapidly,  would  extend  the  upper  surface  considerably, 
and  bend  it  over  at  the  boundary  edges  of  this  surface.  Thus  if 
the  liquid  formed  a  thin  stratum  over  a  small  part  of  a  solid 
horizontal  plane,  the  edges  of  such  stratum  would  be  projected 
forward  to  the  front  of  the  liquid  over  the  area  of  contact  upon 
which  it  rested.  Under  these  conditions  the  surface  extensile 
forces  would  be  placed  in  equilibrium  with  the  forces  of  adhe- 
sion of  the  liquid  to  the  solid,  and  when  the  liquid  became  in 
equilibrium  with  the  action  of  gravitation  upon  the  system  it  would 
cease  to  move  forward  outwardly  over  the  plane,  but  retain  its 
beaded  edge  stationary.  This  will  be  the  ordinary  condition  of  a 
small  volume  of  liquid  resting  upon  a  level  plane,  deposited  without 
pressure,  as,  for  instance,  dew  or  drops  of  water  upon  glass.  There 
is  no  doubt,  that,  by  increasing  the  attractive  force  for  adhesion  of 
the  liquid  to  the  solid  plane,  as,  for  instance,  by  chemical  action,  as 
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le  presence  of  an  alkali  spread  over  the  glass,  the  circumstances 
may  be  modified,  but  not  sufficiently  so  as  to  preclude  the  possi- 
bility of  clear  observation  of  the  principles  here  shown,  as  we  may 
dearly  conceive  from  the  action  of  a  drop  of  water  falling  even  upon 
water,  near  the  capillary  edge  of  a  vessel,  as  observed  by  Brewster, 
inivbich  case  the  drops  roll  over  the  surface,  and  do  not  enter  it  at 
once  nor  spread  upon  it  immediately. 

/  The  following  diagram  will  represent  the  compound  conditions 
of  surface  extensibility,  cohesion,  and  attraction  in  two  cases.     Let 
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rig,  ig— Drop  on  a  Plane,  Fig,  m.— Capillary  Edgej. 

Fig,  19.  represent  the  surface  extension  of  a  liquid,  the  cohesive  forces 
being  brought  into  equilibrium  on  a  plane  surface  of  a  solid;  the 
same  conditions  hold  where  the  surface  is  in  a  tube  if  there  is 
present  no  excess  of  external  attraction  over  mass  cohesion  to  the 
vertical  solid,  as  before  observed,  so  that  the  liquid  cannot  touch 
the  aerial  plane.     Fig.  20  represents  by  the  direction  of  the  arrows 
surface  extensibility,  attraction,  and  genera!  conditions  of  capil- 
larity against  a  vertical  attractive  solid,  or  one  at  first  neutral  and 
previously  wetted  to  produce  a  hollow  surface  flexure.     The  sur- 
face er/i-wji/c  forces  in  these  illustrations  are  of  the  same  values  in 
both  cases,  although  derived  from  different  causes,  the  internal  ex- 
tension being  caused  by  crowding,  the  external  by  intrusion;  thej' 
are  also  conditions  common  to  the  same  liquid:  in  Fig.  20  they  act 
directly  normal  as  a  pressure  upon  the  vertical  plane,  upon  which 
they  are  deflected ;  but  in  Fig.  19  they  act  parallel  to  this  plane,  and 
in  like  manner  are  deflected  by  its  adhesion;  the  intermolccular 
cohesive  forces  of  the  liquid  (i  1  prop.,  page  30)  being  at  the  same 
-  tune  strengthened  by  approach.     I  anticipate  that  inflection  of  a 
X  fipdd  surface  to  a  very  small  internal  curvature  by  capillary  action 
-,1paaduces  a  relatively  powerful  extensile  strain  by  increase  of  density 
^-^~  the  extreme  surface;  so  that  in  this  case  the  inflection  will  be 
kt  the  surface,  to  increase  the  density  of  the  liquid  system,  to 
B  surface  conditions  as  are  presented  by  a  considerable 
rssure  upon  a  level  liquid  plane. 
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k.  The  similarity  of  elastic  deflections,  therefore,  of  extensile  forces 
in  a  curved  surface  under  the  two  conditions,  where  a  surface  is  made 
round  and  hollow,  may  be  shown  experimentally  by  raising  and 
lowering  a  floating  body  on  an  open  surface  of  water;  this  may  be 
conveniently  done  by  lifting  the  needle  or  wire  described  i6  prop./ 
which  will  form  a  very  interesting  experiment  quite  in  opposition  to 
the  theories  generally  assumed  for  the  conditions  of  small  dense 
floating  bodies. 

Take  a  polished  wire  as  before,  of  an  inch  in  length,  and  of  about 
•04  of  an  inch  in  diameter,  well  cleaned  with  potash  liquor,  and  wiped 
on  a  clean  cloth.  Now  carefully  attach  near  to  each  end  upon  one 
side  of  the  wire  a  fibre  of  cocoon  silk  by  means  of  shellac  varnish 
This  attachment  may  be  immediately  dried  if  we  place  a  hot  body 
a  short  distance  over  it.  The  wire  may  then  be  suspended  horizon- 
tally by  the  fibres  to  any  support.  Place  the  suspended  wire  in  the 
centre  of  a  vessel,  and  pour  water  into  the  vessel  until  it  nearly 
reaches  the  wire.  If  we  now  take  a  syphon  formed  of  a  fine  glass 
tube,  and  filled  with  water,  and  place  one  end  of  this  deep  into  the 
vessel  already  described,  and  the  other  end  in  another  vessel  contain- 
ing water;  then  by  raising  or  lowering  the  second  vessel  we  may 
very  slowly  raise  or  lower  the  water  to  or  from  the  suspended  wire. 
If  we  now  carefully  raise  the  water,  the  wire  will  make  contact  and 
float  exactly  as  in  the  experiment  illustrated  in  section,  Fig.  12,  page 
47,  the  silk  fibre  remaining  quite  loose.  If  we  now  gently  lower  the 
water,  the  wire  as  it  comes  above  the  surface  will  draw  the  water  up 

I 


Fig.  21. — Floating  Needle  lifted  from  Water. 

with  it,  as  in  other  capillary  phenomena.  When  the  elevation  is  at  a 
certain  point,  the  same  form  of  curvature,  but  inverted,  will  be  produced 
at  the  surface  as  we  witnessed  in  the  depression.  This  is  shown  in  the 
illustration.  Fig.  21  above,  which  may  be  compared  with  Fig.  12. 
These  operations  of  lifting  and  lowering  may  be  repeated  any  number 
of  times  with  care,  without  removing  the  wire  from  contact  with  the 
surface.  This  experiment  is  valuable  in  another  way,  in  that  it 
shows  that  molecular  surface  displacements  which  produce  capillary 
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lomena  are  not  instantaneous,  for  if  tlicy  were  so  it  would  be 
impossible  to  raise  the  needle  above  its  normal  contact  plane  upon 
the  liquid  surface. 

/.  Under  the  conditions  here  proposed,  that  of  increasing  the 
elastic  rigidity  of  surface  in  a  liquid  upon  a  solid,  by  increasing  the 
radius  of  curvature  contra  to  the  naturally  extensile  surface  of  a 
liquid,  either  by  crowding  or  intrusion,  it  may  at  the  same  time 
be  observed,  that  the  capillary  action  will  depend  mostly  upon  the 
elastidty  of  the  system  of  the  liquid,  which  may  be  taken  in  con- 
jtinction  with  the  strain  produced  by  inflection.  A  less  rigid 
liquid  system  producing  less  surface  compression  at  the  same  curva- 
ture, which  would,  I  anticipate,  in  all  cases  be  for  the  same  liquid, 
proportional  to  its  density.  Thus  water  at  4'  Centigrade  would 
rise  higher  than  at  any  other  temperature  by  this  cause,  except 
periiaps,  at  the  instant  of  ebullition,  when  there  are  present  other 
txtensile  forces  yet  to  be  considered.  By  the  same  conditions  also 
of  dastic  rigidity,  water  will  rise  higher  than  other  liquids,  admit- 
ting the  conditions  proposed  for  this  fluid  (13  prop.,  page  34),  the 
same  being  also  evident  for  its  support  upon  the  surface  of  solids 
(16  prop,  d,  page  45). 

«-  Some  tlieoretical  deductions  of  Professor  James  Thompson  of 
lielfast,  since  verified,  tend   to  show  the  important  law,  that  the 
melting-point  of  a  body  which  expands  in  congelation  would  be 
lowered  in  temperature  by  pressure,  while  a  body  that  contracts  in 
congelation  would  have  its  melting-point  raised  by  pressure.     Now 
\     water  is  of  the  class  of  bodies  that  expand  in  congelation,  and  it  has 
been  since  shown  experimentally  by  Sir  W.  Thompson  that  at  a 
[»«ssurc  of  i6'8  atmospheres  the  freezing-point  of  water  was  reduced 
— 0°T3  C.   M.  Despretz  has  shown  that  in  fine  capillary  tubes  water 
may  be  lowered  to  —  20  C.  without  freezing.    If  this  can  be  taken  as 
a  measure  of  the  surface  molecular  compression  caused  by  extensile 
fixce  in  the  inflection  of  elastic  surface  for  water  which  prevents  its 
fieezing  in  the  tube  taken  by  Despretz,  it  would  indicate  that  the 
extensile  forces  under  these  conditions  are  as  great   in  the  tube 
.:ii  question  as  could   be  relatively  produced  by  12S  atmospheres 
<  WSD  a  level  surface,  supposing  the  surface  compression  to  retard 
''■■™"  fieezing,  and  assuming  the  freezing  to  commence  at  the  sor- 
ts is  commonly  observable.      I  only  off'cr  this  case  as  one 
xtthetical,  as  we  are  not  very  certain  of  all  the  conditions 
or  of  crystallization.     Crystallization  of  water  or  other 
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liquids  appears  to  me  to  depend  very  much  upon  the  facility  of 
motions  of  the  molecules  to  permit  reformation  to  new  polar  posi- 
tions (6  prop.,  page  1 5),  and  some  other  conditions  not  yet  recognized 
by  science. 

21.  Proposition:  Tliat  surface  forces  of  extetisibility  and  cohesmi 
affect  ilie  surfaces  only  of  liquids  for  a  very  limited  depth.  Therefore 
capillary  action^  so  far  as  its  action  at  a  distance  below  the  aerial 
stirfcLce  is  concerned^  is  depefident  upon  tlie  cohesion  of  tfte  general  system 
of  the  liquid  and  of  its  adhesion  to  the  solid. 

a.  The  attractive  forces  that  may  be  conceived  active  through 
adhesion  alone  would  fairly  represent  the  effects  of  capillary  action 
for  certain  cases,  but  such  adhesions  are  not  easily  accounted  for 
unless  they  are  attractions  to  mass,  and  in  cases  of  capillary  attraction 
it  is  possible  that  mass  may  act  only  as  a  weak  force.  The  important 
experiment  of  M.  Plateau  mentioned,  1 1  prop.  ^,  page  32,  shows  that 
mass  acts  as  a  very  weak  force  for  the  cohesion  of  liquids,  if  it  acts  at 
all,  as  the  globe  of  oil  in  the  case  given  in  the  paragraph  referred  to 
is  not  deformed  by  a  heavy  iron  ring,  which  it  evidently  would  be 
under  any  form  of  active  mass  attraction  in  the  liquid  about  the 
solid.  Therefore  I  suppose  that  the  rise  in  capillary  tubes  is  almost 
entirely  due  to  'cohesion  (11  and  19  props.)  and  surface  extensibi- 
lity (16  prop.,  page  45),  previously  proposed,  with  such  components 
of  elasticity  as  are  produced  by  inflexion  considered  in  the  last 
proposition.  The  whole  of  these  forces  being  assumed  to  act  contra 
to  gravitation  in  the  elevation  of  a  vertical  capillary  system,  but  I 
assume  that  the  maintenance  of  a  tall  volume  of  tlie  liquid  in  a  close 
area  above  gravitation  equilibrium  is  largely  due  to  the  adhesional 
and  cohesional  forces  now  proposed,  as  the  surface  force  is  active 
only  within  the  liquid  at  a  position  very  near  the  aerial  plane.  » 

b.  In  the  case  of  glass  and  water  we  have  evidence  that  the  ad- 
hesion of  the  water  to  the  glass  after  intimate  contact  is  a  superior 
force  to  the  intermolecular  cohesion  of  the  water,  as,  in  the  separa- 
tion of  a  clean  disk  of  glass  from  the  surface  of  water,  the  line  of 
fracture  or  separation  is  always  at  a  distance  from  the  surface  of  the 
glass;  this  distance  being  uniformly  at  about  '12  of  an  inch  in  the 
water  below  the  line  of  contact  It  must  be  conceived  that  this  is 
within  the  radius  of  attraction  of  the  glass  from  some  cause,  as  the 
liquid  system  being  homogeneous  must  evidently  break  in  the 
weakest  plane,  or  that  which  receives  the  greatest  gravitation  strain 
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upon  its  cohesive  system.  Further,  one  sheet  of  glass  will  lift 
mother  below  water,  and  a  sheet  of  glass  wetted  with  water  will 
retain  a  certain  stratum  of  water  upon  it  even  if  placed  in  a  vertical 
position,  without  the  water  flowing  down,  which  is  evidence  of  the 
inliniate  cohesion  of  the  thin  surface  of  water  being  superior  to  the 
force  of  gravitation  upon  it 

c.  Newton  has  briefly  discussed  capillary  action,  and  has  given 
theratio  existing  for  distance  between  two  vertical  plates  of  glass  to 
the  height  that  the  water  will  rise  between  them,  in  which  he  says 
this'  "k'///  be  reciprocally  proportioiml  (0  tlie  distance  very  nearly;  for 
lilt  attractive  force  of  tlie  glasses  is  t/te  sanu  whetlter  tlte  distance 
itlwten  tltetn  be  greater  or  less,  and  tlte  weight  of  water  drawn  up  is 
Ik  same  if  tlte  luight  be  reciprocally  proportional  to  tlie  distance" 
This  is  perfectly  consistent  with  the  observed  action  of  adhesive 
ftffces  that  are  active  from  some  cause  nearly  inversely  proportional 
to  the  square  of  the  distance  within  a  very  limited  space.     New- 
ton further  shows  that  the  height  that  water  will  rise  in  a  slender 
glass  pipe  will   be  reciprocally  proportional   to   the   diameter  of 
the  pipe,  and  will  equal  the  height  to  which  it  rises  between  two 
piites  of  glass,   if  the  semidiameter  of  the  interior  of  the  pipe 
be  equal  to  the  distance  between  the  plates.     These  conditions 
ai^ear  to  be  quite  true  and  clearly  definable  as  components  of 
adhesional  forces  for  the  fixed  position  of  the  liquid  after  contact 
orelevation  within  the  tube.   Upon  the  certainty  of  these  conditions 
it  appears  to  me  probable  that  the  adhesional   forces  in  liquids 
most  probably  extend  beyond  the  first  line  of  contact  by  propor- 
tionally strengthening  the  cohesive  forces  of  the  liquid  molecules 
by  attractive  forces  inversely  proportional  to  the  square  of  tlte  distance 
frotn  the  surface  of  contact,  and  which  may  be  takeit  as  a  whole  or  by 
ansecutive  attractiotts  with  like  effects.     These  adhesional  forces  arc 
probably  derived  from  the  intermolecular  pressures  caused  by  the 
pressure  of  the  surface  of  the  solid  against  the  liquid.    According 
to  conditions  of  10  prop,  c,  page  29,  by  which  the  hydrostatic  pres- 
mre  upon  the  surface  of  a  liquid  resting  against  a  solid  causes  in- 
tCfmolecular  intrusions  of  the  same  kind  as  proposed,  16  prop,  a, 
vpip  45,  for  aerial  surfaces ;  these  intermolecular  intrusions  acting  b\' 
'-'-"  certain  amount  of  suppression  of  elastic  intermolecular  space, 
lie  the  molecular  attractions,  and  thereby  practically  extend 
ices  of  cohesion  to  the  solid,  as  adhesions  which  are  found 
'  OptUks,  31  Queiy. 
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cly  as  the  square  of  the  distance  for  ^  small  distance, 

■14  of  an  inch  as  offered  experimentally  for  surface 
1  16  prop.  k.  which  would  be  active  for  '28  between  two 

in  a  tube  of  this  internal  diameter, 
lught  that  capillary  action  is  better  explained  by  mole- 
ons  sensible  only  in  insensible  distances,  first  proposed,  I 
[ongc,  and  supported  by  Young  and  Laplace.    I  do  not 

helps  the  matter.     It  is  no  doubt  nearly  true  as  regards 
n  vfit/iin  the  solid   against  which  a  liquid  rests;  but 

is  not  true  to  experiment  in  the  liquid  itself     If  the 
glass  for  water  were  active  within  tlie  water  at  insensible 
■.  tlie  disk  of  glass  just  mentioned,  as  being  lifted  from 

water,  would  not  be  affected  by  the  adhesion  of  the 
mid  separate  the  water  so  as  to  leave  only  an  insensible 
mlcr  upon  it,  as  it  is  quite  clear  that,  in  the  assumed 
le  adhesive  system  of  the  entire  water,  near  and  at  a  dis- 
le  solid,  or  of  an  assumed  consecutive  cohesion,  sensible 
isible  distances  in  all  parts,  the  glass  would  not  lift  any 
ravitatiiig  matter  greater  than  tlie  extent  of  the  surface 

tlie  ghiss  from  all  causes,  and  would  therefore  separate 
lid  at  its  highest  plane,  so  that  if  the  glass  were  wetted 
of  attraction  would  be  so  small  as  to  be  imperceptible. 
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d  indefinitely  when  it  is  placed  upon  a  level  surface,  where 
there  is  present  no  gravitation  force  to  resist  this  extension  such  as 
i  present  in  the  case  of  a  vertical  tube;  this  it  should  cer- 
tainly do  if  the  capillary  action  were  due  to  its  attraction  to  the  solid 
simpiy  at  its  nearest  plane';  for  upon  the  level  plane  it  would  act 
under  no  restraint  from  gravitation,  but  be  aided  by  it,  and  the 
prindpieof  its  first  attraction  would  proceed  indefinitely  over  the 
pJane  until  the  liquid  was  equally  wetted  by  a  very  thin  stratum. 
Mercas  the  spread  of  ^  liquid  upon  a  level  plane  is  quite  different, 
if  there  is  no  chemical  action,  the  terminal  edge  is  in  no  case  a  thin 
molecular  stratum,  as  it  is  ob5er\'ed  to  be  universally  under  capillary 
elevation  (20  prop,  i). 

g.  The  conditions  of  tensibility  assumed  for  a  liquid,  as  already 
discussed,  and  represented  by  a  stretched  drum-skin,  have  been  some- 
times taken  from  the  conditions  of  films,  which  can  scarcely  be  rela- 
tive to  the  surfaces  of  masses,  as  the  position  of  the  attractive  matter, 
therefore  of  the  attractive  forces,  of  the  molecules  are  upon  a  different 
plane;  those  in  films  being  placed  lineal  to  the  attractive  matter, 
those  in  masses  normal  to  it.  If  we  assume  capillary  surface  simply 
tensile  as  the  film  would  be,  then  it  would  be  clear  that  such  tension 
would  be  pulling  the  liquid  towards  the  centre  of  a  capillary  tube, 
and  thereby  lower  the  liquid  by  decreasing  the  possible  attractive 
forces  which  would  otherwise  exist  naturally  against  the  solid  surface 
of  the  tube,  together  with  the  hydrostatic  pressures  present. 

8S.  Proposition  :  T/iat  the  rise  oj  a  liquid  against  the  surface  of 
m  adiurent  solid  is  proportional  to  the  support  the  elevated  liquid 
finds  in  tite  closeness  of  tlie  parts  of  the  contiguous  solid  and  the  liquid 
akesi/m  conjointly. 

a.  By  conditions  proposed,  a  convex  surface  of  a  liquid  may  find 

equilibrium  in  curvature  (20  prop.  //).     If  a  liquid  rise  against  a 

concave  solid  the  exterior  surface  of  the  liquid  will  by  its  convexity 

be  approaching  equilibrium,  and  be  thereby  of  more  open  structure 

thtui  if  it  rested  against  a  concave  surface,  which  I  have  already 

'MRuned  will  be  in  a  state  of  lateral  extension.     Under  these  condi- 

j->llnsaUquid  resting  in  a  concave  surface  will  be  more  free  from  lateral 

"ore  to  move  upwards;  for  although  its  radial  compressions  will 

agthened  hy  Mhc  intrusive  pressures  tlie  lateral  or  circnmferen- 

aires  of  the  molecules  will  be  less.     Therefore  there  will  be 

dom  for  elevation  by  the  general  conditions  of  capillary 
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c  rise  of  a  liquid  against  a  concave  solid  than  against  a 

proposition,  page  30,  the  particles  of  a  liquid  seek  the 
a  of  contact.      By  16  proposition,  page  45,  the  surface 
:ert  efforts  of  intrusion  which  make  the  surface  extensile. 
jsition  a  solid  may  act  by  adhesion  with  limited  force 
■  liquid  in  its  attraction  to  the  surface  of  the  molecule, 
e  a  surface  extensile,  as  I  propose,  the  liquid  will  by  this 
its  attractive  forces  strengthened  to  rise  against  a  solid, 
present  a  greater  surrounding  area  of  attraction  to  the 
}cules  than  these  molecules  possessed  in  their  position 
}uilibrium  upon  the  liquid  surface.     Further,  the  mole- 
;e  proportionally  to  the  extent  of  attracting  surface  that 
ses  lifts  them  upwards.     Now,  if  we  take  a  solid  bod>-  of 
itely  smali  cylindrical  area,  and  place  this  vertically  in 
his  case,  as  the  molecules  rise  against  the  small  cylinder 
have  to  be  placed  in  such  a  form  as  to  be  compelled  to 
utline  of  the  cylinder  at  the  liquid  surface.     It  is  clear 
that  the  surfaces  0/  contact  (1 1  prop.)  per  area  of  each 
luld  be  less  than  M-hen  the  molecules  rested  in  lateral 
in  the  plane  of  repose.     Therefore  by  the  same  prin- 
prop,  the  surface  liquid  would  not  rise  at  all.  as  the  mole- 
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Bill  act  inversely  by  its  support  receding  radially  from  the  convex 
r^'d  area. 

t.  To  investigate  the  general  principles  of  the  combined  effects  of 
open  capillary  attraction  into  area  of  contact  I  took  as  a  first  experi- 
ment a  clean  sharp  razor.  This  I  fixed  in  such  a  manner  that  the 
cutting  edge  was  quite  vertical  to  a  liquid  surface,  the  razor  being 
immeried  sufficiently  to  ensure  general  contact  for  the  portion  below 
the  surface.  After  I  had  entirely  immersed  the  razor  in  the  liquid, 
and  ^'tated  it  to  ensure  contact,  I  then  dried  it  and  found 
upon  second  immersion  in  the  liquid  at  the  position  given  for  the 
experiment,  that  from  the  very  small  amount  of  surface  oxidation 
now  fonned,  adherence  was  almost  instantaneous  and  perfect. 

/  The  liquid  that  I  found  best  adapted  for  this  experiment  was 
pure  water,  to  which  one  half  per  cent  of  acetic  acid  was  added  to 
ipve attractive  force.  This  acidulated  water  made  a  permanent  dark 
line  of  oxide  to  the  extent  of  capillary  attraction  upon  the  surface. 
The  rise  upon  the  sharp  edge  was  only  just  visible  above  the  liquid 
surface  plane.  The  general  elevation  was  as  in  the  diagram  below, 
thctt-ater  line  being  shown  at  AB,  the  rise 
being  greater  in  the  hollow  of  the  razor,  fall- 
ing at  the  angle  which  turned  for  the  back, 
and  rising  in  the  centre  of  the  curvature  at 
the  back ;  this  last  rise  appears  to  be  due  to  a 
mass  attraction.  I  consider  that  there  was, 
however,  a  certain  amount  of  chemical  action 
which  increased  the  capillary  attraction  and  capLiiarir*!™  a  Rai,ir 
gave  a  general  compensation  of  forces  in  all 

the  curves;  but  the  effect  of  capillarity  was  roughly  indicated  for 
vertical  curvature. 

/.  To  trace  more  particularly  the  effect  of  curvature  and  extent 

of  near  surface,  I  drew  out  with  a  spirit-lamp  from  a  small  glass  tube, 

fine  tubes  of  various  sizes,  until  I  had  a  good  assortment.    Selecting 

faur  of  these  by  measuring  them  with  a  micrometer  under  the  micro- 

■  iDOpe,  I  obtained  tubes  from  parts  of  longer  ones  which  appeared 

fWMer  the  microscope  by  the  reading  of  a  micrometer  very  approxt- 

^iii|tiely  in  series  "00025,  '0005,   or,  and    i  of  an  inch  in  external 

^ ters.    These  I  fixed  vertically  by  sealing-wax  at  about  one  inch 

ntheedge  of  a  card  which  was  about  five  inches  long  by  two 

•Ic.     Taking  a  pan  of  clear  water  at  a  temperature  of  about 

adc  I  supported  the  card  so  that  the  ends  of  the  glass 


J2  PROPERTIES  AND   MOTIONS   OF   FLUIDS.  ^Pnf. 

tubes  were  each  about  half  an  inch  under  the  surface  of  the  water. 
Seeing  by  a  hand-magnifier  that  they  were  thoroughly  wetted  on 
their   surfaces,  I  left  them  in  the  water  for  about  twenty-four  hourii. 


The  following  day,  on  raising  the  glass  tubes,  I  found  them 
equally  wetted.  They  were  now  left  immersed  about  a  quarter  of 
an  inch  only  in  the  water.  In  an  hour's  time,  when  the  upper  parts 
were  quite  dry,  I  read  off  the  capillary  action  to  the  exterior  of 
the  tubes  in  the  following  manner: — 

h.  Placing  my  eye  at  an  angle  of  about  15  degrees  to  the  sur- 
face of  the  water,  I  obtained  a  bright  reflection  from  the  vertical 
image  of  a  solid  straight-edge  which  showed  clearly  the  elevated 
water  near  the  tubes;  the  reflections  appeared  as  rings  of  light 
around  the  glass  tubes.  By  a  little  adjustment  of  the  eye  accord- 
ing to  the  direction  of  the  light,  a  point  could  be  found  where  the 
first  part  of  the  palpable  angle  of  deflection  rose  from  the  smooth 
liquid  surface.  Hy  placing  a  transparent  opal  glass  rule  above  this, 
the  reflection  of  the  rule  was  thrown  into  the  water,  and  the  posi- 
tion of  the  lines  of  the  first  elevation  of  the  water  were  measured 
off"  by  the  greatest  diameter  of  the  reflected  light,  approximately. 
These  measurements  were  as  follows: —  ' 

■0005    '00035 
■21         IS 

/'.  The  glass  tubes  under  the  microscope  all  presented  a  bore  of 
about  one-third  of  their  entire  diameter.  The  hyperbolic  curve  of 
flexure  of  the  water  surface  against  the  tube  was  approximately 
proportional  to  the  dimensions  of  it,  as  theory  demands  for  attrac- 
tive forces ;  the  heights  wQuld  therefore  be  relative  to  the  breadths 
of  deflection ;  giving  thereby  the  elevating  force  of  tfie  system. 
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/  With  a  solid  glass  rod  of  -25  of  an  inch  in  diameter  the 
surface  deflection  extended  "45  of  an  inch  from  the  surface.  I  mea- 
sured this  by  the  reflection  of  a  vertical  window  bar  by  moving  the 
c)-e  until  the  reflection  from  the  water  ceased  to  have  its  outline 
indented  by  the  capillary  deflection  near  the  solid  glass  rod.  The 
greatest  extent  of  surface  deflection  by  a  plain  solid  that  I  have 
been  able  to  produce,  was  '47  of  an  inch  nearly, 

k.  In  considering  the  entire  attraction  from  all  causes  I  found  that 
vrith  a  larger  tube,  as  one  "S  of  an  inch  in  diameter,  I  produced  a 
tii^  of  only  slight  excess  of  diameter  over  one  t  of  an  inch,  phis 
the  difference  of  diameters,  so  that  beyond  'i  of  an  inch  diameter 
of  a  mass,  there  would  appear  to  be  but  little  measurable  difference 
of  Qpillary  force  from  curvature. 

/.  To  examine  concave  surfaces  the  following  was  tried  for  me 
by  a  friend,  as  I  had  not  time.  Four  tubes  were  selected,  and  care- 
fully  ground  away  to  nearly  half  their  diameters,  leaving  about  185° 
of  the  internal  circumference  as  nearly  as  could  be  measured.  The 
ground  surface  was  afterwards  polished,  Witli  these  sections  of 
tubes  fixed  on  a  card  in  the  manner  described  for  the  previous 
experiment,  the  result  showed  the  rise  according  to  the  following 
table  measured  approximately  in  fractions  of  inches:— 


m.  In  making  two  of  these  tubes  of  equal  size  for  experiment  it 
was  found  that  there  was  a  slight  variation  in  the  rise  of  water  from 
die  above;  but  the  difference  was  too  small  to  need  a  repetition  of 
die  experiments  to  ensure  the  general  principles,  which  is  my  desire 
flone  to  follow  in  this  treatise,  and  not  the  investigation  of  quan- 

%!■  -.  »gy.  jjig  above  experiments  we  may  conclude  that  the  adhesive 

including  capillary  action,  evidently  act  in  every  direction 

Mnt  upon  a  solid  surface  equally.  This  may  also  be  demon- 

^le  following  experiment : — Cement  two  clean  glass  plates 
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tena'le  surface  force  deflect  the  issue  outwards,  and  enlai|[e  the 
stream  as  shown  at  C  C  in  the  ratio  of  circumferential  surface  expan- 
sion. This  expansion  will  take  place  also  longitudinally  upon  the 
direct  lines  of  the  stream,  contra  to  the  central  cohesive  forces  of 
Ihejet  here  assumed  to  be  small,  and  by  expansion  the  stream  will 
divide  into  separate  units  or  systems  in  equilibrium,  as  drops;  the 
direction  of  the  forces  being  as  shown  by  arrows  in  the  diagram 
above.  In  the  engraving  the  projection  is  shown  downwards; 
exactly  the  same  effect  will  be  produced  if  it  is  projected  upward.^ 
sn  that  this  action  is  independent  of  gravity. 

c.  If  we  could  assume,  on  the  6ther  hand,  that  an  aerial,  lineal, 
or  convex  surface  of  a  liquid  in  mass  were  tensiL;  the  stream  at 
issue  should  have  a  force  of  contraction  exactly  opposite  to  the  above; 
therefore  by  this  immediate  contraction  a  cylinder  of  less  diameter 
than  the  size  of  tlic  hole  would  issue.  Further,  the  stream  would  con- 
tinue in  the  same  form  as  at  its  issue  by  the  constancy  of  the  tensile 
strain  upon  it  supporting  its  general  cohesion;  this  same  force  would 
also  tend  to  constantly  decrease  the  cylindrical  circumference  of  the 
stream,  and  keep  up  the  continuity  of  the  same  form  in  any  small 
/rcc  cylindrical  jet  projected  downward.s,  and  thereby  prevent  divi- 
Moii,so  that  with  a  tensile  strain,  the  water  would  fall  to  the  ground 
in  thread-like  masses  instead  of  drops. 

d.  By  the  principles  of  extensile  surface  strain,  which  I  assume  to 
actually  exist  on  the  surface  of  plane  or  convex  masses  of  liquids,  we 
may  conclude,  that  if  this  force  were  active  upon  a  fine  falling  liquid 
stream,  that  the  central  cohesion  of  its  mass  would  be  broken  if  the 
longitudinal  extensile  surface  force  were  sufficient  to  overcome  its 
cohesion  in  a  very  small  unit  of  time.  In  this  case,  by  the  expansion, 
evefy  free  part  of  the  falling  liquid  would  be  projected  separately  in 
drops,  as  soon  as  its  central  cohesive  force  could  be  released  from 
surface  strain.  Further,  every  jet  under  any  conditions  in  falling 
or  rising  would  have  this  tendency  to  separate  into  drops. 

e.  The  value  of  the  extensile  surface  force  of  the  stream  in  its 

to  break  the  mass  cohesion  of  a  jet  would  depend  upon  the 

of  the  jet,  for  it  is  quite  certain  that  if  we  assume  the  cohesion 

'die  liquid  as  a  certain  force,  and  the  surface  extensibility  as 

""*  a  force;  then  as  the  surface  of  a  body  constantly  increases 

tse  ratio  to  its  decrease  of  mass,  or  in  proportion  as  the  dia- 

therewill  be  a  certain  sizeof  jet  wherein  the  surface 

ICC  is  in  equation  with  the  cohesive  force,  and  for  smaller 
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s  the  surface  extensile  force  will  be  the  greater,  so  that 
mist  be  separated  by  this,  if  the  force  acts  immediately. 
VI  streams  from  this  cause  will  be  detached  into  drops 
OH  issue;  and  although  we  may  imagine  that  the  cylin- 
will  have  extensile  surface  forces  active  upon  it.  evcry- 
it  will,  by  the  extensile  force  present,  be  in  such  a  stale 
quilibrium  upon  the  whole  surface  of  the  cylinder,  that 
disturbing  cause  in  the  air  or  otherwise  would  tend  to 
Lirfacc  forces  to  equilibrium,  which  could  only  be  found 
uid  body  in  the  globular  form,  or  in  free  drops.    In  this 
crfalls  from   great  heights,  as  the  Staubach  Falls  io 
(looo  feet),  have  their  waters  divided  into  spray  of  fine 

■  the  stream  reaches  the  bottom  of  the  precipice  from 
tojected.     The  same  also  occurs  in  principle  in  the  pr> 
itcr  in  large  fountains,  as  at  the  Crystal  Palace,  where 
issue  from  a  pipe  of  apparently  2  to  3  inches  diameter 

■  fine  spray  in  about  50  feet  of  projection. 
conditions  offered  (16  prop,  b,  page  46),  the  extensile 
s  of  cohesion  will  be  in  equilibrium  (ll  prop.,  page  30) 
\ternal    curvature   of  a   cohesive   system    equals   the 

)t'  these  forces  to  distend  (20  prop,  b')   by  molecular     1 
n  tile  central  cohesion,  so  that  at  a  certain  size  a  drop 
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tenale  or  extensile,  if  the  Cohesive  forces  exceed  the  surface  forces, 
ffhich  they  in  all  cases  appear  to  do.  In  the  spheroidal  state  of 
water  upon  a  hot  plate  I  anticipate  that  the  surface  must  be  un- 
doubtedly expanded  by  the  heat,  and  can  be  withheld  by  nothintj 
except  the  cohesive  force  of  the  liquid  system,  which  is  surrounded 
jXMsibly,  by  a  surface  expansion  into  clastic  critical  surface  fluid,  the 
tbyness,  and  tliereforc  the  non-conducting;  power  of  which,  and  the 
presence  of  surrounding  vapour  prevents  excessive  evaporation. 

Motive  continuity  of  surface  extensile  strains  in  surface 
morements  upon  liquids. 

84.  Proposition  :  Thai  in  the  extensile  surface  of  a  liquid,  dis- 
turbanees  by  compression  upon  the  surface  that  produce  a  greater  area, 
artf  he  persistent  in  extensions  over  the  surface  in  proportion  to  the 
fwce  of  extensibility  of  the  free  surface. 

a.  As  a  free  liquid  surface  under  the  action  of  gravitation  is  found 
to  be  a  level  plane,  every  possible  disturbance  will  necessarily  in- 
crease the  area  of  this  plane, 

h.  We  are  indebted  to  the  valuable  researches  of  Mr,  J.  Scott 
Russell '  for  the  very  important  discovery,  that  a  protuberance  raised 
upon  a  surface  of  water  in  a  parallel  channel  by  any  means,  will  go 
forward  in  the  direction  of  its  original  impulsion  for  great  distances, 
even  for  miles,  without  greater  decrease  of  altitude  than  can  readily 
be  attributed  to  molecular  friction  of  a  moving  system,  .so  that  the 
surface  curvature  once  produced  is  maintained  with  considerable 
fons^  In  this  matter  we  may  conclude  that  if  the  surf  ace  force  were 
extensile  it  would  sjipport  a  protuberant  -MOve.  If  it  mere  tensile  the 
ttnsion  luould  constantly  he  active  in  havering  the  x-Jtt%'e.  I  wish  to 
,  call  attention  to  this  fact  only  upon  principles  of  surface  tensibility. 
I  will  return  to  the  consideration  of  the  general  principles  of  this 
riuarly  frictionless  wave  further  on. 

,  c.  By  another  interesting  experiment  oflfered  by  Mr.  J.  Scott 
^^  _  kU  {page  377  of  the  same  reports)  a  wire  a  sixteenth  of  an 
Hpift  in  diameter  is  inserted  for  a  very  short  distance  in  the  still 
^BClce  of  water  in  a  lai^c  tank.  The  wire  is  then  moved  fonvard 
^^HMvelocity  of  about  one  foot  per  .second.  It  is  found  that  thcsur- 
«f  the  water  in  front  of  the  wire  is  rippled  up  in  small  waves, 
A  12  to  20  maybe  distinctly  counted;  whereas,  following  the 

'  Brititk  Mtoaatioa  Reparli,  1844,  jiiige  319. 
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direction  of  the  wire,  the  water  is  nearly  still,  or  only  affected  by 
very  faint  undulations.  The  rippling  or  crumpling  up  of  the  surface 
extends  to  about  three  inches  in  front  of  the  moving  wire.  It  would 
appear  to  be  necessary  in  this  case  that  the  water  must  possess  an 
extensile  surface  force  to  form  this  undulatory  surface  in  front 
of  the  direction  of  motion  under  the  impression  of  the  small  moving 
body  at  so  great  a  relative  distance  from  it  If  the  surface  were 
tensile,  it  is  presumable  that  it  would  open  to  the  impression  of 
the  small  moving  body,  and  the  distance  ruffled  in  front  would  be 
very  small.  We  may  conclude  that  as  soon  as  the  surface  is  ruffled 
in  small  undulations  it  loses  a  great  part  of  its  rigidity,  and  that 
this  is  the  cause  that  the  extensile  compressions  can  be  detected 
for  three  inches  only  before  the  moving  body.  If  it  were  not  for 
this  crumpling  it  is  presumable  that  from  the  constancy  of  extensile 
strain  its  rigidity  would  be  made  evident  for  a  great  distance.  I 
will  return  to  this  matter  further  on  when  I  take  into  consideration 
the  phenomena  of  waves. 

Tensile  forces  in  liquid  films. 

25.  Proposition:  T/iat  a  free  film  of  a  liquid  as  a  free  liomoge- 
neons  coliesive  body  will  be  under  tensile  strain  in  proportion  to  tlie 
strength  of  attractive  forces  of  its  molecules  that  causes  its  coltesion 
and  by  its  adhesion  to  surrounding  areas  of  attraction, 

a.  Let  a  a\  Fig.  27,  represent  a  film,  which,  for  the  principle  of  the 
proposition,  may  be  a  single  plane  of  molecules,  and  let  this'plane  be 
distended  between  two  solid  bodies.     Then  will  the  cohesive  forces 


Fig.  97.— Diagram  Tensile  Forces  in  Films. 


in  the  film  be  attractive  centre  to  centre  diametrically,  and  the  film 
will  be  in  tensile  equilibrium, 

b.  Let  the  terminations  of  the  film,  a  and  ^',  each  rest  upon  two 
molecules  in  the  manner  shown  in  the  figure;  then  the  area  of  attrac- 
tion of  these  molecules  will  be  greater  than  the  area  of  attraction 
between  any  two  molecules  of  the  film,  and  these  will  by  their  forces 
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II  the  film  to  the  planes  A  and  B,  or  exert  constant  tensile  strains 
upon  the  film  by  principles  discussed  {ii  prop.,  page  30)  in  the 
attractive  forces  of  every  molecule  endeavouring  to  find  the  greatest 
possible  area  of  surface  attraction. 

t  If  we  imagine  the  film  to  be  of  two  or  more  series  of  molecules, 
asdiown  in  the  diagram  below.  Fig.  28,  then  will  the  same  amount 
of  tension  be  established  as  that  just  discussed,  as  the  attractions 
ibout  the  exterior  planes  will  be  equal  and  the  medial  planes  will 
beneutral.  It  is  presumable  that  in  every  film  tliere  are  many  hun- 
dreds or  thousands  of  planes.  The  attachments  also  will  extend  to 
ittne  of  such  molecules  of  many  times  the  width  of  the  film,  and 


resemble  the  attachment  of  the  molecules  shown  Fig.  27  upon  the 
planes  A  B.  The  general  conditions  of  the  force  of  tension  of  a  film 
of  water  may  be  discovered  by  the  following  simple  experiment 

d.  Project  a  small  jet  of  water  into  the  air  and  ascertain  the  force 
of  its  projection  by  the  extent  of  its  trajectory  against  the  constant 
force  of  gravitation  acting'  upon  it  and  the  resistance  of  the  air. 
Again,  project  the  jet  in  such  a  manner  that  it  may  adhere  to  a 
surface  of  water  in  contact  with  it,  so  that  it  carries  up  a  film  of 
tt'ater  with  it  The  film  will  now  under  this  condition  suffer  such 
restraint  to  its  trajectory  as  its  tensile  force  will  cause,  approxi- 
mately. 

e.  The  apparatus  I  have  used  for  this  experiment  is  constructed 
as  follows: — A  supply  can  of  water  is  placed  at  some  fixed  eleva- 
tiim;  a  small  caoutchouc  tube  is  connected  to  the  can  to  supply  a 
jet  The  tube  is  of  about  25  of  an  inch  in  diameter.  In  the  free 
end  of  the  caoutchouc  tube  a  piece  of  glass  tube  of  the  internal  dia- 
meter of  the  outer  tube  is  fixed.  The  glass  tube  is  drawn  off  to  a  fine 
yniot  of  about  025  of  an  inch  internal  diameter.     The  can  of  water 

-adjusted  to  various  heights  by  a  cord  and  pulley  above  the  jet, 
is  placed  just  within  the  surface  of  water  in  a  trough.     The 
*Bbewhich  produces  the  jet  is  held  down  to  a  light  frame  under 
X  surface,  so  that  it  can  be  tipped  to  any  inclination,  and  by 
of  an  adjusting  screw,  if  so  tipped,  it  can  be  restored  to 
sition  an:erwards  by  the  weight  of  the  frame.     This 
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carrying  up  a  film  of  water,  height  of  the  projection  ■  1 2  of  an  inch, 
distance  3  inches  as  nearly  as  could  be  measured. 

In  these  experiments  the  cohesion  of  die  film  being  equal  to  the 
restraint  of  the  projection  into  the  area  of  tlie  film ;  the  entire  force 
of  restraint  of  the  film  will  varj'  as  the  difference  of  forces  necessary 
to  describe  the  greater  over  the  lesser  range. 

i.  The  film  in  these  cases  is  quite  persistent,  and  remains  as  long 
as  the  water  in  the  reservoir  is  kept  at  the  same  height  Perhaps 
liie  above  by  calculations,  with  further  corrections  for  collateral  con- 
ditions, may  give  an  approximate  value  of  the  tension  of  a  film  of 
iratej;  as  the  force  of  traji;ctoiy  h  eatilly  computed  in  equation  with 
the  restraint  the  jet  suffers  by  the  film  fier  area.  It  is  possible  that 
an  approximate  value  of  the  cohesive  force  of  the  water  in  mass 
oi^ht  be  ascertained  by  the  restraint  to  projection  exerted,  into  the 
transverse  area  of  the  film,  in  the  experiments  described  above,  if 
the  film  could  be  rendered  motionless,  so  that  it  could  receive  no 
supply  of  liquid  from  the  distension  of  the  surface  upon  which  it 
was  projected.  In  these  experiments,  however,  the  film  will  be 
found  to  be  in  revolution  by  principles  of  motion  to  be  hereafter 
discussed,  and  these  revolutions  will  of  themselves  produce  a  strain 
upon  it  in  the  plane  of  its  distension,  and  at  the  same  time  by 
the  tangential  fierce  of  the  revolution,  withhold  the  liquid  surface 
upon  which  the  projection  is  made,  so  that  the  cohesive  forces  ascer- 
tained by  the  means  I  propose  will  be  only  approximate. 

/  I  have  endeavoured  by  tracing  all  the  conditions  in  my  power, 
to  obtain  an  index  of  the  cohesive  force  of  water  by  the  means 
indicated  above.  My  results  gave  me  the  cohesive  force  equal  to  a 
cdicsion /^r  iir^d  that  would  support  a  hanging  column  of  water  of 
17  inches  in  depth.  I  have,  however,  reason  to  suppose  that  this 
wen  may  be  too  low  an  estimate ;  but  I  withhold  all  details,  as  I  have 
Bodoubt  such  a  proposition  would  appear  extravagant,  when  we  find 
ttecdiesive  force  of  this  fluid  is  generally  estimated  at  about  ^  inch 
Colybysome,  and  by  others,  on  the  dynamic  theory,  that  there  is  no 
whatever  in  fluids,  but  the  reverse  of  this,  separative  action. 

jisile  surface  force  of  a  liquid  under  evaporation. 
Proposition:  TAal  tite  surface  of  a  liquid  under  evapora- 
•  this  cause  constantly  extensile,  in  proportion  to  the  rate  oj 

U  known,  that  water  either  under  the  pressure  of  a  gas 
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vacuum  of  an  exhausted  receiver,  is  constantly  under- 
ration  at  its  surface,  until  the  gas  becomes  saturated, 
us  space  becomes  charged  with  an  amount  of  vapour, 
force  of  which,  by   itself,  produces  a  certain  surface 
is  evaporation  or  vapour  force  being  in  known  ratio 
erature.     When  the  water  surface  is  free  the  vapour 
;d  at  its  immediate  surface  plane  may  be  conceived  to 
perior  stratum  of  a  more  attenuated  molecular  form  of 
Z  above  the  liquid  proper,  which  may  be  necessary  to 
)5ed  above  the  water  for  it  to  remain  quiescently  in  static 
as  a  permanent  liquid,  on  conditions  of  surface  equiii- 
;d  out  {i6  prop.,  page  45). 

the  abovu  conditions  we  may  imagine  that  the  surface 
must  be  by  some  means  endowed  with  a  force  that  can 
expanded  fluid  ivhicli  we  term  a  vapour.     It  is  also 
t  this  force  is  partly  communicated  to  the  liquid  by  the 
;as  that  rests  above  it  before  a  superficial  vapour  force 
flcient  to  stop  excessive  evaporation.    Under  any  condi- 
lour  being  in  a  more  extended  state  than  a  liquid,  as  its 
ht  clearly  indicates,  must  at  the  instant  of  its  fonuatton 
iquid  surface  by  any  cause,  be  endowed  with  a  force  of 
ich  will  at  first  be  nt  or  within  the  liquid  surface,  that  is, 
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St  exist  at  this  surface,  which  is  demonstrated  by  the  chemical  and 
plysical  differences  which  the  two  positions  in  and  on  the  liquid 
indicate.  Thus  alcohol,  ethers,  and  essential  oils  as  turpentine,  spread 
instantly  over  the  surface,  whereas  they  unite  very  slowly,  or  not  at 
ill,  with  the  mass  when  entirely  submerged.  I  have  found  it  con- 
venient to  consider  this  surface  molecular  system,  which  I  assume 
10  be  equivalent  to  the  critical  fluid  of  Andrews,  as  separate  from 
the  liquid  system  proper,  in  which  the  surface  molecule  forms  a  part 
of  the  liquid  mass,  as  I  find  a  liquid  has  molecular  cohesive  forces 
quite  independent  of  any  superimposed  vapour  systems,  as  shown 
forfluid  glass  (11  prop./,  page  34),  as  also  in  M.  Plateau's  experi- 
ment of  oil  in  dilute  alcohol  already  discussed;  but  I  anticipate  that 
the  critical  surface  fluid  prevents  at  all  times  the  immediate  evapor- 
ation of  the  liquid  by  constantly  exerting  a  certain  pressure  upon 
the  surface  molecules  to  support  its  equilibrium,  so  that  the  condi- 
tions are  not  quite  according  to  those  defined,  16  prop,  b,  page  46. 

d.  The  entire  expansion  of  a  liquid  surface  may  possibly  be  seen 
most  clearly  when  the  liquid  is  in  a  state  of  violent  evaporation,  as 
In  boiling.  In  this  state  the  heat  forces,  whatever  they  may  be, 
whidi  cause  the  expansion  of  the  water  into  vapour,  will  be  most 
active,  and  the  surface  expansion,  if  real,  most  direct.  At  the  same 
time  any  possible  expansion  of  the  surface  will  be  withheld  by  the 
general  mass  cohesion  of  the  liquid  beneath,  and  by  the  air  or  vapour 
or  critical  fluid  pressure  above,  with  a  force  in  proportion  to  the  co- 
hesion of  the  liquid  at  the  temperature  at  which  it  is  taken,  from  all 
causes;  so  that  the  outward  or  visible  surface  expansion  can  only 
occur  when  the  extensile  force  of  the  surface  exceeds  the  cohesive 
force,  together  with  the  exterior  pressure  upon  it  In  boiling, 
the  superimposed  pressure  is  assumed  less  than  the  tenacity  of 
the  cohesion  of  the  liquid  beneath,  for  any  minute  surface  depth  of 
tke  liquid  that  we  may  term  a.  film.  This  film  will  therefore,  under 
the  strain  of  distension,  be  so  far  out  of  equilibrium  in  the  system, 
^OaX  it  will  be  vaulted  upwards  into  the  less  resistant  media  above 
it  flie  instant  that  the  expansive  surface  force  overcomes  the  cohe- 
■■irAm  to  the  mass  beneath.  And  the  vault  or  bubble  so  formed  'will 
tat  the  instant  of  its  formation  as  a  free  surface,  tlie  ratio  of 
c  es^nsion  of  the  extensile  force  of  a  liquid  surface  in  contact 
■  vapour,  from  all  causes.  At  the  extreme  temperature  of 
'hs  vault  or  bubble  when  formed  will  break,  as  soon  as 
"  permits  the  expansive  force  to  overcome   its   mass 
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jch  breaking  being;  generally  rapidly  accelerated  by  the 
ir  which  again  accumulates  from  the  surface  beneath. 
case  of  heat  applied  to  the  bottom  of  a  vessel  of  liquid, 
■  vapour  is  rapidly  formed  upon  the  lower  surface,  at 
lier  temperature  than  the  superimposed    liquid  above, 
lubblc  of  vapour,  itself  created  by  surface  extension  at 
the  vessel,  will,  by  its  specific  density  being  less  than  that 
1  in  which  it  is  set  free,  have  an  upward  projectile  force. 
efore,  when  it  reaches  the  surface,  aid  in  projecting  a 
t  or  bubble,  or  it  will  othen\'ise,  by  a  kind  of  intrusion 
\tensilc  surface,  expand  as  the  nucleus  of  a  bubble. 
surface  temperature  be  lower  than  the  boiling-point,  lliat 
face  is  not  in  a  state  of  distension  sufficient  to  overcome 
:-  force  of  the  general  liquid  beneath,  the  small  rising 

simply  burst  at  the  surface  or  rest  upon  it,  or  even  be 
if  the  surface  temperature  is  much  lower. 

case  of  water  being  heated  as  uniformly  as  possible. 

aiilts  may  be  seen  to  rise  from  the  upper  surface  only, 
J  greater  number  will  receive  the  first  impulse  of  projec- 
smallcr  bubble  rising  from  the  lower  or  lateral  heated 
before  proposed.    This  principle  will  be  easily  conceived 
y,  as  the  upper  surface  extensile   force  will   be  lineal 
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equilibrium  of  rest  may  be  very  great,  but  under  any  force  that 
tauscs  at  first  a  slight  flexure,  it  will  lose  all  its  rigidity  and  give 
way,  so  tliat  aftenvards  a  less  force  may  bend  the  rod  to  consider- 
able curvature,  as  the  bubble  of  the  surface  film  may  be  assumed  to 
be  bent  immediately  after  its  release. 

/  In  this  manner,  if  a  liquid  of  prescribed  area,  supported  by  sur- 
rounding solids,  is  kept  perfectly  still  by  shading  it  from  motion  and 
JjJJing  particles,  its  critical  vapour  resting  quiescently  in  equilibrium 
IS  perfectly  as  possible,  may  have  heat  applied  to  raise  its  tem- 
perature far  above  the  ordinary  boiling-point  before  surface- 
vaulting  or  boiling  will  commence,  or  such  an  amount  of  evapora- 
tion as  generally  accompanies  ebullition.  In  the  case  of  pure  water 
that  has  been  deprived  of  air,  some  experiments  of  Donny  have 
proved  that  this  liquid  may  be  raised  to  a  temperature  of  135°  C. 
without  ebullition.  That  this  is  particularly  due  to  the  quiescent 
state  of  the  surface  may  be  seen  in  that  water  thus  heated  will  by 
a  touch  of  a  needle,  a  particle  of  dust,  or  any  other  small  disturb- 
ing cause  be  thrown  into  a  violent  state  of  agitation,  which  will 
not  again  cease  until  the  temperature  falls  to  100°  C.  This  fact  shows 
that  it  is  ready  to  distend  at  any  instant  if  the  continuity  of  surface 
presents  at  any  point  a  greater  convexity  than  the  level  plane;  which 
it  must  do  in  certain  local  positions  by  any  disturbance  caused  by 
intrusion  of  other  matter  at  its  surface. 

k-  Under  the  above  conditions  there  will  be  two  temperatures  for 
hmling,  one  in  which  the  surface  is  agitated  by  rising  bubbles  or 
by  mechanical  means,  and  another  in  which  the  liquid  uniformly 
or  surface-heated,  boils  by  vaulting  of  the  quiescent  surface,  when 
the  distention  overcomes  the  molecular  cohesion.  As  this  quiescence 
can  only  be  relative  to  exterior  disturbing  causes  which  are  always 
present  in  a  greater  or  less  degree  in  a  moving  atmosphere,  the  last 
temperature  is  probably  very  high  and  cannot  be  discovered. 

i.  Capillary  tubes  placed  in  a  bath  of  water  so  as  to  be  gradually 
kated,  will  elevate  less  water  as  the  temperature  rises,  probably 
the  minus  elastic  force  of  the  critical  fluid  that  rests  on  the 
jigaeous  surface;  but  at  the  instant  of  boiling  the  expansile  surface 
overcomes  this  resistance  and  the  water  darts  up  the  tube. 

tl  extension  of  surface  in  the  boiling  of  liquids. 
OPOSITION :  Tliat  tli£  vaulting  of  a  liquid  plane  to  form  a 
•U  will  be  in  instant  equilibrium  ivlun  the  exterior  surface 
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equals  the  duplicate  or  triplicate  or  quadruplicate  area  of 

rom  which  it  is  projected. 

conditions  offered  i6  prop,  page  45,  a  liquid  surface 
quilibrium  when  its  molecules  arc  in  regular  stratified 
iessing  in  this  state  of  equilibrium  surface  extensile 
in  elevating  force  act  upon  such  a  plane,  equilibrium 
:storcd  unless  the  plane  be  expanded  to  quite  double  its 
1,  so  that  the  one  plane  of  molecules  is  intruded  into  the 
of  the  other,  or,  if  the  elevating  force  be  greater,  a  tripli- 
,y  possibly  be  produced,  or  a  quadruplicate,  that  is,  a  free 

this  last  case  a  duplicate  surface  may  be  produced  by 
lion  of  the  nearest  molecule  beneath,  and  the  duplicate 
1  by  another  like  intrusion  to  form  a  free  bubble,  whereas 
e  area  would  cause  a  genera!  frictional  derangement  of 

hence  it  appears  that  duplication  is  the  most  general 

lie  principles  offered  above,  a  bubble  at  its  elevation  will 
:end  an  arc  of  about  i8o  degrees,  the  number  of  aerial 
1  the  vault  being  the  duplicate  of  those  upon  the  level 
le  liquid,  or  the  bubble  may  subtend,  as  I  find  by  cal- 
arc  of  218"  56"  30",  the  superficial  area  being  the  tripll- 

DIMENSIONS   OF   BUBBLES.  87 

g  the  efforts  of  its  attractive  forces  to  find  equilibrium  of  radial 
atmction,  therefore  the  edge  of  the  bubble  when  it  rests  on  the 
plane  mil  be  elevated,  and  the  centre  of  the  included  area  will  be 
depressed.  There  will  be  a  constant  tensile  strain  over  the  bubble 
by  its  union  to  denser  matter,  as  shown  25  prop,  n,  and  this  will 
tend  lo  depress  it;  but  as  this  lowering  will  cause  greater  compres- 
sion on  the  air  included,  it  will  generally  reduce  the  film  in  thickness 
only,  until  it  breaks. 
d.  The  following  diagram  will  show  the  character  of  bubbles,  of 


instant  static  equilibrium.  Fig.  32,  and,  after  action,  of  extreme  tensile 
strain,  Fig.  31,  by  the  action  of  gravitation  on  the  plane  on  which  it 
rests  for  very  large  bubbles;  this  form,  however,  is  not  general. 

e.  A  bubble  may  rest  in  static  equilibrium  on  the  surface  of  a 
quiescent  liquid  if  there  is  sufficient  vapour  force  above  it  to  prevent 
evaporation,  and  if  it  be  constructed  from  the  surface  film  which 
it  covers,  as  in  this  case,  the  positions  of  molecules  a  a'  and  b  b'  of  the 
diagrams  above  will  support  by  their  attractions  the  circumscribed 
area  of  capillarity. 

/  In  water  and  most  fluids  the  bubbles  assume  instantly  the  dupli- 
cate area  figure.  In  the  agitation  of  cold  fluids  this  is  also  general, 
but  very  lai^e  bubbles,  that  have  sometimes  little  or  no  vapour  sup- 
port, become  occasionally  extended  as  shown  in  Fig.  31. 
'  S-  The  boiling  of  liquids  as  before  proposed  occurs  when  the 
vapour  force  between  the  molecules  of  the  liquid  proper  exceeds  the 
rapour  force  superimposed  upon  the  liquid  surface.  So  that  if  we 
lOcrease  the  vapour  pressure  above  a  liquid,  its  temperature  may  be 
nieieased  in  like  ratio  without  boiling. 

A  In  blowing  soap-bubbles  it  appears  that  these  may  be  increased 
to  indclinite  size  by  the  internal  pressure  of  the  breath,  so  that  these 
ties  do  not  follow  the  conditions  of  this  proposition,  a.   In  these 
s  the  water  is  combined  with  a  viscid  substance  which  permits 
«^ted  displacements  that  under  the  tensile  strain  are  in  rapid 
la  which  they  take  interlaced  diffusional  forms,  the  con- 
which  may  be  observed  in  the  polariscope  by  the  colours 
oduced  by  light  passing  through  them. 
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ndcpendent  of  the  mode  of  construction  o£  a  bubble 
1  a  like  liquid  plane,  it  will  possess  generally  a  duplicate 
jlane  beneath,  as  tliis  is  a  figure  of  equilibrium  between 
rces  and  capillarity  of  support. 

isity  of  the  surface  of  a  free  bubble  may  be  made  evident 
e  elasticity  and  non -cohesion  with  a  like  dcnsi:  surface  in 
y  be  brought  in  contact,  and  in  which  the  surface  mole- 
>ns  would  have  to  be  changed  for  it  to  enter.     This  I 
may  be  shown  by  a  pretty  experiment  with  a  small 
ip  solution  blown  at  the  end  of  a  small  pipe,  from  which 
erked  off,  upon  the  surface  of  the  solution  in  a  vessel 
liis  case  the  bubble  will  often,  after  contact,  rebound  for 
s  as  a  free  elastic  body.     This  bubble,  when  it  enters 
jrface,  will  occasionally  take  for  an  instant  of  time  the 
;a  to  the  surface  on  which  it  reposes. 

ical  conditions  of  quiescent  evaporation. 

JSITION 1  That  tfic  cxkitsik  force  of  a  liquid  surface  under 
'/•oration  at  hw  temperatures  may  form  points  of  eva- 
(  'Mill  occupy  limited  areas  of  the  entire  liquid  surface, 
ak-ing  tltc  functions  of  bubbles  for  the  escape  of  vapour. 
conditions  of  26  prop,  b,  a  vapour  fonning  at  a  surface 

t  as  a  molecular  compression,  which  may  seek  another  mode 
if  expansion.  This  modification,  I  think,  may  probably  be  by  a 
protuberant  nipple  or  a  molecular  tumerak  of  invisible  dimensions. 

(.  Under  the  general  conditions  of  evaporation  resulting  in  con- 
t^ous  compression  of  the  surface  of  a  liquid  it  appears  to  me  that 
the  principles  generally  offered  for  the  fluid  state  will  show  a  nearly 
sufficient  cause,  which  wiil  be  relative  to  the  conditions  of  the  last 
proposition.  This  we  may  conceive  in  that  a  fluid  is  a  body  the 
molecules  of  which  will  not  bear  pressure  upon  one  side  more  than 
upon  the  other  without  moving  from  the  excess  of  pressure.  The 
force  of  gravitation  will  of  itself,  cause  every  molecule  of  a  liquid  to 
seek  the  lowest  point,  and  thereby  jamb,  as  it  were,  its  fellow  molecule, 
sothatat  the  surface,  the  pressures  upon  the  sides  and  bottom  of  every 
surface  molecule  will  be  greater  than  the  pressure  upon  the  top  of  it, 
although  the  extra  pressure  upon  the  lower  surface  of  the  top  mole- 
cule may  be  only  equal  to  the  action  of  gravitation  upon  the  mass 
of  the  superimposed  molecule  itself,  leaving  the  surface  molecules 
in  vertical  equilibrium  (i6  prop.).  Therefore,  as  the  side  pressures 
will  be  jambing  by  their  excess  all  surface  molecules  under  every 
condition,  these  will  be  in  the  most  unstable  state  of  equilibrium  of 
the  liquid  mass.  This  constant  upper  minus  pressure  and  internal 
jamb  will  influence  a  surface  molecule  to  constantly  move  upwards 
^nst  the  cohesive  attractive  forces  surrounding  it  as  demon- 
strated for  capillarity,  1 8  prop.,  particularly  as  it  will  in  any  pos- 
sible downward  movement  be  strongly  resisted  by  the  more  solid 
construction  of  the  liquid  immediately  beneath  it,  and  that  it  cannot 
move  to  a  lower  level  by  its  gravitation  or  cohesion.  In  this  manner 
*lso,  any  small  movement  of  the  aerial  surface,  by  which  one  mole- 
cule ismade  by  the  most  infinitesimal  quantity  to  be  more  prominent 
fioni  any  cause  than  another,  this  molecule  will  tend  to  be  ejected 
"001  the  surface  by  the  elasticity  of  the  system  and  the  closing  of 
4e  lateral  compressed  circumferential  molecules  around  it,  and  under 
■tiatheirendeavours  to  restore  the  equilibrium  of  surface  gravitation. 
b  u  fliis  case  the  particular  molecule  selected  may  overcome  cohesive 
K^%tt^  and  even  be  ejected  with  a  force  proportional  to  the  excess 
H^^'^^Htic  compression  over  cohesion  of  the  surface  molecules,  which 
"""  '\  them  to  close  the  space  beneath  it.  If  we  imagine  such 
•A  molecule  in  this  case  as  one  evaporated ;  for  the  further 
of  the  evaporation  after  the  surface  is  broken,  it  only  fac- 
tion whether  the  ejected  molecule,  has  or  has  not,  some 
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iicctive  molecular  construction  with  other  free  molecules, 
ossesses  elastic  force  sufficient  to  support  itself  at  its 
above  the  liquid  surface,  so  as  to  become  a  free  mole- 
Ic  vapour  such  as  we  see  seething  in  mass  over  a  boil- 
r  to  evaporate  to  a  gas  after  its  ejection. 
any  conditions,  if  the  elastic  surface  force  is  sufficient 
slightly  distended  liquid  molecule,  we  may  observe  that 
lis  molecule  is  free,  the  entire  surface  of  the  molecule 
exposed  to  evaporation  by  the  perfect  release  from 
ilic  forces  that  surrounded  it  formerly  when  it  was  a 
quid  system,  so  that  it  will  not  again  interfere  with  the 
which  it  was  ejected,  unless  it  is  pressed  into  JL 
above  theoretical  considerations  it  appears  to  mc  that 
be  only  a  certain    number  of  points  under  quiescent 
in  which  the  liquid  evaporates,  although  this  number 
11   times  very  great,  and  that  these  points  will,  by  the 
surface  extension,  be  equivalent  to  molecular  bubbUs,  or 
u'lvks.     At  the  position   of  such  constantly  forming 
inieroles  the  evaporation  may  be  carried  on  by  a  con- 
■  n   of  molecules  separately.     The  series  of  molecules 
he  surface  next  beneath  the  extreme  surface  would  in 
up  the  gap  formed  by  the  extruded  molecule,  and  by 
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f.  The  principle  of  evaporation  by  infinitesimal  bubbles,  by  surface 
expansion  upon  this  hypothesis,  may  be  roughly  shown  diagram- 
matJcally  as  follows  as  a  trial  hypothesis  for  perfectly  quiescent 
evaporation. 

Let  Fig,  33  be  a  surface  under  quiescent  evaporation.  Let  the 
expansive  surface  force  place  the  whole  of  it  in  unstable  equilibrium 


of  molecular  compression.  Let  forces,  extending  to  a  distant  sur- 
face represented  by  the  arrows,  press  upon  a  molecule  above  that 
is  assumed  from  any  primitive  cause  to  be  one  most  out-  of  equili- 
brium of  the  surface  series;  then  would  evaporation  by  disten- 
tion of  surface  constantly  occur  at  the  same  point,  this  being  the 
weakest,  to  resist  surface  expansion  by  heat  forces, 

A  Under  the  above  conditions  it  will  be  seen  that  any  force  which 
causes  a  surface  disturbance,  and  thereby  necessarily  produces  con- 
vexity on  parts  of  the  liquid  surface,  that  the  evaporation  will  be  by 
this  cause  rendered  much  greater. 

i  It  will  also  be  readily  conceived,  that  having  a  system  of 
tumeroles  established  on  a  surface  of  sufficient  extensile  force  to 
produce  such  tumeroles  closely  together,  that  there  would  be  a 
tendency  for  one  tumerole  to  break  into  the  other,  and  thereby 


t. 


ridges  or  lines  of  evaporation.      Further,  if  evaporation  be  by 

anse  more  intense  at  one  side  of  an  aerial  plane  than  another, 

'"^d  lower  the  side  of  the  plane  and  perfect  equilibrium  of 

"xnild  be  destroyed.     Under  this  condition  the  tumerole  or 

■  be  deflected  on  one  side  as  in  Fig.  34,  above,  or  overflow 

rely  as  in  Fig,  3S>  and  evaporate  at  the  edge  of  a  mole- 
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Y  the  constant  movement  of  ridges,  that  would   be 
d  and  take  one  direction. 

condition,  I  have  been  able  to  approximately  observe 
lent.     Thus,  if  we  intimately  mix  fine  dust,  as,  for  in- 
lycopodium  with  a  drop  of  alcohol,  and  observe  it 
■oscope,  the  surface  plane  will  be  observed  to  be  con- 
l  as  overflowing  currents  to  the  evaporating  edge  of 
re  a  horizontal  circulation  keeps  up  the  same  sj-stem 
1  on  the  absolute  edge  by  rotation  engendered    in 
f  intensity.     The  same  outward  extending  form   of 
also  occur  in  evaporation   from  capillary  tubes,  in 
ensile  surface  of  the  liquid,  i8  prop.^would  be  con- 
;  upon  the  surface  of  the  tube. 

r  little  experimental  demonstrations  for  much  of  this 
lit  there  is  one  class  of  facts  which  may  give  some 
the  molecular  tumeroles  proposed,  under  perfectly 
joration ;  this  occurs  in  cases  where  gases  or  vapours 
resistant  surfaces  of  some  semi-fluids,  as  in  the  floors 
jarticularly  in  mud  volcanoes,  and  the  same  principle 
Dbserved  in  the  formation  of  the  cones  of  volcanoes 
relation  to  the  general  cohesive  surface  of  the  earth- 
in  these  cases  from  the  more  resistant  surface  is  by 

CHAPTER   III. 

MOTIVE  FORCES  ACTIVE  IN  FLUID  SYSTEMS  IN  THEIR  MOVE- 
MENTS TO  AND  FROM  THE  STATE  OF  EQUILIBRIUM  OF  REST: — 
FLOWING  FORCES. 


29,  Proposition  :  Every  free  motion  of  a  fluid  is  a  Movemeni 
towards  equUibrium  with  surrounding  pressures.  The  fluid  in  this 
mtotiott  follows  tlu  most  fricttonless  course. 

a.  It  is  well  known  as  a  physical  law  that  a  unit  mass  of  gravi- 
tatii^  fluid  has  its  molecules  in  such  a  state,  when  they  are  at  rest, 
that  equal  gravitation  force  presses  upon  every  stratum  at  the  same 
depth  in  its  system,  and  that  this  force  is  everywhere  per  area  as 
the  entire  weight  of  the  fluid  above  the  same  area  exactly. 

h.  If  force  be  impressed  by  other  means  than  by  the  simple  effect 
of  gravitation,  as  by  heat  expansion,  or  a  pressure  in  a  part  of  the 
system,  the  fluid  thus  impressed  extends  this  pressure  in  a  certain 
small  space  of  time  with  equal  force  to  all  sides  of  its  containing 
vessel,  per  area,  as  far  as  the  fluid  extends,  so  that  every  particle, 
if  not  further  disturbed,  rests  Anally  in  equilibrium,  and  the  force 
with  which  the  one  part  of  an  inscribed  mass  was  impressed,  is  now 
equally  impressed  per  area  on  all  other  parts  of  the  same  fluid  plus 
the  dfects  due  to  gravitation  [a). 

i-  In  a  liquid  issuing  from  a  vent,  its  movement  will  be  at  every 

instant  directed  to  restore  the  state  of  equilibrium  which  has  been 

<2sturbed  by  the  opening  of  the  vent,  and  the  movements  will  be 

greatest  where  the  pressures  vary  the  most     The  liquid  will  there- 

we  be  moving  from  all  parts  towards  the  vent,  proportionally  to 

fl>e  differences  of  molecular  pressures  in  the  parts  of  the  liquid  and 

the  resistances  offered  by  other  parts.     The  minus  pressures  upon 

4  molecule  being  in  this  case  situated  towards  the  vent  by  the 

resistance  in  this  direction,  and  the  greatest  pressures,  upon 

■  <{ravitatioa  plane,  will  be  upon  the  most  distant  parts  of 
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m  the  vent.    The  nearest  possible  condition  of  motive " 
11  be  established  by  a  system  of  pressures  decreasing 
tio  from  the  most  distant  parts  up  to  the  vent  where 
are  entirely  released. 

from  a  vent  embodies  many  conditions  that  may  be 
practice  of  hydraulics,  and  the  components  of  forces 
this  efflux  have  engaged  the  attention  of  nearly  every 
rodynamics ;  however,  exact  laws  have  not  heretofore 
cd,  or  even  such  components  as  may  reconcile  theory 
I  will  therefore  follow  this  matter  in  detail  for  such 
IS  as  I  may  be  able  to  offer. 

ITION:  That  in  tlu  movement  of  a  liquid  toward  a  koU 
of  a  vessel,  the  hydrostatic  pressures  will  act  dinetfy 
on  in  the  parts  of  tlie  liquid  vertically  over  tlie  hole,  and  ^ 
in  the  parts  of  the  liquid  horisontally  contiguous  tc  tkt 
a  of  efflux  of  the  liquid  from  the  hole  will  be  tlte  mtan 
e  impulses  of  vertical  and  horizontal  pressures;  except 
ea  of  the  hole  where  the  directive  forces  will  enter  into 

■*.                                 ."1 
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queatly,  if  a  hole  were  now  opened  in  the  bottom  of  the  vessel  so  as 
to  remove  resistance  from  this  point,  as  at  A  to  A',  then  the  water 
&om  C  to  A  and  from  B  to  A,  supposed  a  thin  stratum  inside  the 
vessel,  and  very  near  the  bottom,  would  be  a  part  of  the  water  that 
would  be  first  induced  to  move  towards  the  hole,  this  being  the  part 
of  the  system  most  compressed,  therefore  more  especially  influenced 
by  the  minus  pressure  at  the  hole. 

c.  If  we  take  the  hole  to  be  a  point  for  the  sake  of  omitting  the 
conditions  of  its  diameter ;  then  the  parts  of  the  stratum  of  water 
upon  the  bottom  surface  of  the  vessel  would  be  equally  moved  in 
every  horizontal  direction  towards  this  point  at  the  same  time,  and 
with  the  same  radial  velocities;  that  is,  they  would  move  towards 
the  hole  by  pressures  varying  inversely,  for  any  stratum,  as  tlie 
squares  of  the  distance  into  the  pressure  of  the  head  of  water  above 
the  stratum  taken.  Under  these  conditions  the  movement  from  C 
to  A  would  be  equal  to  the  movement  from  B  to  A,  but  as  these 
moving  forces  are  opposite  in  direction,  we  may  imagine  that,  in 
so  far  as  the  horizontal  impulses  of  the  parts  of  the  lower  water 
moving  towards  the  hole  would  have  power  to  act  by  their  direct 
momentum,  that  the  water  would  be  j'ambed  by  their  opposite 
directions,  and  thus  form  a  resistance  to  efflux,  by  a  kind  of  com- 
pressed constructive  arched  circle  of  the  water  round  the  hole,  and 
the  action  of  these  horizontal  forces  would  thereby  contract  by  tluir 
pTitmres  the  free  area  of  efflux  in  proportion  to  the  forces  of  impres- 
sion upon  the  descending  column. 

d.  That  this  is  the  actual  condition  present  may  be  partly  de- 
monstrated experimentally  by  inducing  in  the  general  system  of 
motion  of  water  in  a  cylindrical  vessel  a  greater  than  average  resist- 
ance to  the  horizontal  impulses  of  the  lateral  parts  of  the  water,  so 
aj  to  withhold  a  part  of  their  lateral  impulses  from  the  vertical 
docendiag  column  at  a  position  directly  over  the  hole.     In  this 
*Ue  by  my  theory  the  vertical  column  would  be  projected  through 
tbe  hole,  and  the  horizontal  forces  would  remain  in  their  arched 
Katie  position  in  the  liquid  above  the  hole.     This  effect  may  be 
jnduced  experimentally  in  water  flowing  from  a  hole  in  the  bottom 
.  rf »  vessel  by  giving  the  water  a  slight  motion  of  horizontal  rota- 
*",     The  tangential  forces  of  the  revolution  will  then  slightly 
lie   the  horizontal   pressures  which  act   as  resistances,  and 
diem  from  direct  impulses  upon  the  vertical  column,  so 
deal  column  will  now  empty  itself  out  through  the  hole. 
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and  a  clear  aerial  pipe  will  be  formed  from  the  surface  of  the  water 
to  the  hole, 

e.  By  the  conditions  offered  in  the  last  proposition  a^  we  assume 
that  the  hydrostatic  forces  above  the  area  of  the  hole  are  exactly 
equal  to  the  vertical  forces  over  all  other  horizontal  parts  of  the 
bottom  of  the  vessel  per  area.  Therefore  other  parts  of  the  fluid 
of  equal  depth  will  be  equal  in  motive  energy  to  the  parts  near 
the  hole,  or,  for  instance,  to  those  surrounding  it,  so  that  if  we 
were  to'  take  a  narrow  ring  of  the  lower  stratum  of  water  sur- 
rounding the  hole,  and  conceive  that  hydrostatic  pressures  were 
equal  in  al/  directions,  the  pressures  of  the  lateral  horizontal 
forces  upon  the  column  directly  over  the  hole  in  the  vessel,  would 
be  exactly  equal  to  the  vertical  forces  of  the  water  in  the  hole  at 
the  exit  of  the  vertical  column;  and  the  vertical  and  horizontal 
forces  would  be  equal.  The  vertical  forces  in  this  case  may  be 
assumed  to  be  arranged  proportionally  to  their  freedom  from  re- 
sistance radially />w//  the  axis  of  the  descending  column,  and  the 
horizontal  pressures  arranged  as  resistances  also  radially  from 
the  circumference  of  the  vessel  towards  this  axis.  Then  it  will  be 
clearly  seen  that  the  vertical  descending  forces  will  act  directly  with 
gravitation,  and  the  horizontal  pressures  directly  as  resistances. 
The  outflow  of  water  would  be  necessarily  as  the  mean  of  these 
forces.  It  will  be  seen  by  this  construction,  taking  into  considera- 
tion the  perfect  resistance  of  the  bottom  of  the  vessel  to  all  hydro- 
static forces  except  those  over  the  hole,  that  the  flowing  forces  do 
not  form,  a  resultant  of  the  composition  of  tiorizontal  and  vertical 
forces,  but  that  the  entire  vertical  forces  are  directy  dSiA  that  the 
entire  horizontal  forces  which  are  deflections  from  the  lateral  vertical 
forces  act  as  resistaficesy  so  that,  supposing  these  are  equal  about  the 
hole,  the  outflow  would  be  equal  to  that  of  exactly  half  the  area 
of  the  hole,  except  for  the  gravitation  forces  in  the  water  directly 
over  this  area,  where  the  direct  horizontal  forces  would  lose  their 
quality  of  resistance  and  enter  into  composition  with  the  vertical 
forces. 

/  To  satisfy  the  conditions  of  the  horizontal  impulses  being 
direct  and  resistant  in  the  above  construction,  we  must,  as  before 
stated,  consider  the  hole  as  infinitely  small,  as  the  resistances  of  the 
bottom  surface  of  the  vessel,  which  deflect  the  gravitation  forces 
from  direct  to  horizontal  impulse,  will  cease  to  act  quite  in  this  man- 
ner after  passing  the  edges  of  the  hole.     Further,  in  the  direction  of 
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movement  of  the  horizontal  forces  towards  the  hole  here  supposed, 
e\*ery  lower  surface  plane  would  possess  a  certain  amount  of  carry- 
ing force  towards  the  hole,  so  that  a  particle  of  liquid  descending 
on  the  lateral  parts  of  the  vessel  would  not  quite  reach  the  horizon- 
tal plane  of  greatest  pressure  before  it  was  deflected  towards  the  hole. 
Therefore  it  would  not  offer  resistance  at  the  hole  equal  to  a  hori- 
tontal  force  exactly,  but  rather  according  to  its  moment  In  an  oblique 
direction  at  its  last  position,  towards  and  over  the  edge  of  the  hole. 
Further,  within  the  space  of  the  hole  such  oblique  directions  as  are 
induced  within  the  efflux,  would  be  active  beyond  tlic  inner  edge  of 
Ae  hole,  and  would  therefore  carry  their  impulses  directly  towards 
die  centre  of  the  issuing  column,  and  this  would  cause  the  assumed 
jamb  of  the  horizontal  forces  to  be  outside  the  surface  of  the  vessel 
indead  of  directly  over  the  hole  within  it,  that  is,  if  the  hole  were 
made  in  a  material  assumed  to  be  very  thin.  The  vertical  forces 
by  this  cause,  would  have  the  equivalent  value  of  a  greater  fall  in  the 
greater  height  to  the  same  exterior  point,  which  would  be  the  point 
of  actual  resistance  to  the  vertical  column.  Therefore  the  efflux 
volume  of  the  liquid  would  appear  to  be  greater  vertically  than 
that  due  to  depth,  proportionally  to  the  size  of  the  hole  by  an  ex- 
terior quantity,  and  we  may  assume,  that  directive  pressures  would 
react  by  further  deflection  of  the  current  to  increase  the  aperture  of 
outflow,  above  half  its  area  as  Just  assumed  (ir  above)  for  components 
of  vertical  and  horizontal  forces  only. 


Tib,  37.— Diagram  of  Direction  of  Forco. 

g.  This  principle  may  be  shown  by  the  above  diagram,  where  the 
bottom  of  the  vessel  is  represented  by  A  A'.  The  vertical  force  by 
tte  direction  of  the  arrow  a,  and  the  deflected  horizontal  pressures 
lydie  direction  of  the  arrows  ^and  cr  which  meet  at  the  point/,  the 
AeoKtical  focus  of  the  resultant  of  the  component  forces  acting  at 
tkehole^  In  thismanner,theasceQdency  of  the  directive  force  in  the 
I  column  over  the  horizontal  would  render  the  force  of  pro- 
,  fajrperbolic,  so  that  the  focus  of  the  composition  of  deflected 
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tion  of  an  exterior  short  pipe  leading  from  the  hole  at  the  bottom; 
the  vertical  force  becomes  the  greater  component  from  the  excess 
of  hydrostatic  pressure  due  to  the  excess  of  height,  and  therefore 
tiie  horizontal  is  no  longer  equal,  and  the  efflux  area  becomes 
greater  proportionally  as  the  directive  resistance  of  the  horizontal 
force  is  less.  The  same  principles  will  apply  to  horizontal  efflux 
area  by  a  short  pipe  ;  neglecting  friction  in  all  cases. 

31.  Proposition:  T/iat  a  column  of  liquid  falling  by  free  graviia- 
tioH,  mil  possess  motive  energy  exactly  tite  same  as  any  other  co/ierent 
body,  or  as  a  solid,  whick  will  be  for  its  velocity  atid  mass  conjointly 
as  lit  height  of  its  centre  of  inertia  into  the  lieight  that  it  falls. 

a.  If  we  apply  the  above  proposition  to  the  fall  of  a  liquid  through 
a  hole  in  the  bottom  of  a  vessel,  and  make  no  consideration  of  the 
ciAesion  of  the  liquid  to  itself  and  to  the  contiguous  parts  of  the 
vessel  surrounding  the  hole,  this  will  be  the  measure  of  t/ie  force 
of  cffux.  We  may  further  assume  that  in  a  small  liquid  system, 
not  complicated  by  intricate  parts,  by  pipes  or  otherwise,  there 
will  be  little  force  lost  by  friction  from  cohesion  in  direct  mass 
movements,  so  that  the  direct  fall  of  a  vertical  column  in  an  open 
liquid  will  measure  very  nearly  correctly  the  potential  energy  that 
^  liquid  possessed  in  its  static  position,  by  the  gravitation  velocity 
cindered  by  its  weight,  falling  the  average  distance  of  every 
separate  molecule  in  the  column;  this  may  be  taken  as  the  unit  of 
forceofagravitation  system  which  maybe  used  as  a  measure  of  the 
dtn  motive  force,  3.r\A  this  y&r^  wd/wi- may  be  divided  or  subdivided 
into  other  quantities,  but  cannot  be  exceeded  by  any  means;  or  be 
lost  except  by  the  friction  of  the  system  of  forces  considered ;  which 
afc  here  supposed  for  a  simple  system,  as  for  instance,  that  from 
a  bole  in  a  thin  plate,  to  be  very  small.  Upon  these  conditions  the 
outflow  from  a  hole  in  the  bottom  of  a  vessel  will  be  as  the  full  area 
tftie  hole,  to  tlie  gravitation  force  of  the  liquid  above  it  simply.  By 
certain  causes  the  efflux  may  be  a  quantity  less  than  this  as  by 
friction,  and  by  any  excess  of  velocity  caused  by  the  energy  of 
clistic  forces,  increasing  the  velocity  of  outflow  to  be  hereafter  con- 
lidered;  but  we  shall  find  that  this  increase  of  velocity  will  be  pro- 
nrtional  to  the  diminution  of  efflux  area ;  the  excess  of  velocity 
If  as  the  conserved  elastic  forces  in  the  compressed  fluid  about 
ll&  In  this  and  in  other  cases,  the  entire  motive  forces  will  not 
energy  the  entire  volume  forces  due  to  gravitation  of  a 
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ding  vertically  over  the  hole  of  the  full  diameter  of  the 
ng  upward  to  the  surface  of  the  water. 
2  demonstration  of  the  above,  if  we  describe  a  circle 
;tom  of  a  vessel  con  taining  water,  and  measure  the  static 
water  directly  impressing  this  area,  they  will  be  found 
{  proportional  to  the  weight  of  the  water  standing  vcr- 
;  the  hole.     Now.  as  the  weight  is  derived  from  the 
vitation  upon  the  water,  and  that  this  fluid  is  throughout 
.icturc,  we  may  consider  its  static  force  as  the  gravity 
?  system,  which  may  be  expressed  hy  gh  for  any  unit 
1  we  may  take  this  to  be  the  exact  measure  of  tlie 
Dree  active  as  a  constant  outward  pressure  upon  the  cir- 
:  have  taken,  which  can  never  be  exceeded  or  dimitiislud, 
mt  forces  upon  tlie  same  space  upon  the  bottom  surface 
)y  the  hydrostatic  force  or  weight  of  the  liquid  above 
^ow  as  the  water  is  assumed  in  this  proposition  to  be  a 
ly  of  equal  structure  throughout,  as  represented  by  a 
ding  over  the  hole,  and  that  it  moves  in  falling  from 
;hc  whole  space  represented  by  the  height,  and  from  the 
m  for  no  height  distance  whatever,  the  outflow  from  the 
entire  aperture  will  be  equal  to  the  fall  of  the  water  of 
meter  as  the  hole  for  half  the  height  of  tlie  column  of 
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manent,  so  that,  after  impression  of  any  force  that  diminishes  its 
volume  It  will  react  immediately,  and  will  return  to  its  original 
volume  when  the  pressure  is  entirely  removed.  In  this  process 
the  pressure  may  be  impressed  in  any  direction,  and  removed  in  any 
other  direction,  with  equal  effect  of  reaction.  So  that  if  we  were  to 
take  the  condition  of  the  pressure  upon  a  stratum  of  water  upon  the 
bottom  of  a  vessel  with  vertical  sides,  this  pressure  would  be  in 
eveiy  direction  proportionally  as  the  entire  weight  of  the  water 
above  impressed  the  elastic  forces  of  the  loivest  stratum  of  it.  The 
ene^  of  compression  would  be  as  the  consen-ed  momejititm  of  the 
thaitdittg  forces  of  the  entire  liquid  by  which  tlie  compression  on  the 
hettim  of  tlu  vessel  was  formed. 

b.  Now  as  pressures  in  liquids  by  our  proposition,  will  be  ready 
immediately  to  react,  the  action  of  gravitation  on  a  permanently 
elastic  mobile  fluid  will  not  engender  a  velocity  by  the  removal  of 
resistance  from  any  part  of  the  lowest  stratum,  for  instance,  from 
a  hole  in  the  bottom  of  a  vessel  as  of  a  body  falling  the  mean 
height  as  it  would  be  in  an  inelastic  system,  but  as  the  com- 
pressions upon  the  lowest  stratum  which  would  represent  in  motive 
ene^  twice  this  amount  as  the  motive  force  in  this  case  cannot  be 
assumed  in  equations  as  the  mean,  but  as  the  lowest  stratum  which 
is  double  the  depth  of  the  mean.  Therefore  if  gravitation  forces  for 
anyvertical  column  of  equally  dense  fluid  be  represented  for  velocity 
1^  a  body  falling  from  the  mean  height  hy  gh;  then  by  reaction  of 
elastic  pressures  upon  the  lowest  stratum,  the  velocity  at  issue  from 
tills  would  be  as  2gh,  giving  pressure  and  velocity  one  sign. 

<■-  As  I  have  already  shown  in  the  last  proposition,   that   the 

entire  energy  of  a  liquid  flowing  through  a  hole  in  the  bottom  of  a 

vessel,  will  for  the  entire  area  of  this  hole,  equal  the  velocity  of  a 

hody  falling  half  the  height  of  the  column  above  {gli) ;  it  will  easily 

beseen  that  elastic  compression,  if  it  occurs,  is  wholly  due  to  resist- 

•Dte  to  gravitation ;  for  if  we  were  to  consider  the  weight  of  a  column 

<f  water  resting  on  the  bottom  of  a  vessel  as  ^//,  and  the  resistance  as 

bdi^  equally  active  in  opposition  tagh,  the  compression  of  an  elastic 

,i9>lBn  would  be  ~2gh;  or  if  we  take  the  hydrostatic  force  ^//,  and 

;IHlttu)ce  of  the  bottom  of  the  vessel  as  equal  to  gh,  and  we  remove 

■*** "esistance,  that  is,  one  gh,  the  direct  impulse  of  gravitation 

be  through  the  elastic  system  for  the  instant  =  2gh.    Further, 

^stic  force  would  rest  upon  the  whole  area  of  the  bottom 

d.  at  the   instant  of  opening   a   hole   in   it,  this  force 
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so  that  the  efflux  from  such  a  hole  would  be  for  the 
"the  hoie,  and  for  the  first  unit  of  time  that  the  elastic 
react,  equal  to  2gk  in  velocity,  that  is,  equal  to  the 
1  the  lowest  place  in  the  liquid  in  tlie  vessel;  this  force 

from  the  conservation  of  energy  of  the  liquid  falling 
:>mpression  on  the  bottom,  as  shown  at  the  end  of  §  a 
is  would  continue  to  act  in  diminishing  intensity  during 
the  elastic  forces.     Hut  as  soon  as  the  elasticity  caused 
iices  had  reacted,  and  that  a  kind  of  motive  equilibrium 
jy  equality  of  pressures  surrounding  the  hole  {30  prop. 
;ea  of  the  motive  aperture  would  be  partially  closed  by 
projections,  and  a  value  equal  to  gh  restored  for  the 
i-ca  into  pressure. 

ibove  conditions  of  the  action  of  resistances  in  forming 
ession  in  a  liquid,  it  becomes  clear  that  the  elastic 
resistance  act  plus  to  direct  forces.    Therefore,  we  may 
itance  to  gravitation  to  engender  an  elastic  compression 
iimpression  being  equal  to  twice  the  direct  impulse  of 
hich  I  take  for  velocity  or  pressure  as  gh.   So  that  if  we 
L-ngendered  eitlicr  through  resistance  or  by  direct  force, 
ally  represented  by  2gh,  and  it  will  follow  that  as  the 
:ompression  in  a  liquid  is  caused  either  by  a  plus  direct 
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of  area,  so  that  the  fluid  will  have  its  volume  restricted  in  exactly  t/te 
fomt  fTOporiion  as  it  -wili  have  its  vdocily  increased.  Under  these 
conditions  we  may  take  the  compressed  elasticities  due  to  resistance 
as  equal  for  velocity  to  2gh  for  both  vertical  and  horizontal  forces ; 
tlw  volume  for  unit  of  area  of  efflux  will  then  stand  in  equation  with 
the  hole  as  2gh  for  vertical,  and  2glt  horizontal,  every  particle 
directed  towards  the  hole  acting  as  resistances,  therefore  the  volume 
will  be  for  area  (a)  and  pressure  in  equation  \  a .  (2gh),  the  volume 
of  possible  outflow  being  equal  to  that  of  2gh  for  half  the  area  of 
the  hole,  which  must,  in  this  case,  be  considered  as  infinitely  small. 

/  For  the  investigation  of  the  functions  of  the  diameter  of  the 
hole  we  may  conceive  that  at  its  margin  the  impulses  of  horizontal 
forces  will  cease  to  act  as  resistances  to  the  efflux,  but  they  will 
leave  the  impression  of  their  directive  moments  in  elastic  compres- 
sions upon  the  vertical  column  descending  by  direct  gravitation, 
into  which  the  horizontal  forces  will  now  enter  in  composition.  So 
that  the  elastic  forces  engendered  by  the  resistance  {b,  c)  will 
dioiinish  towards  the  central  area  of  the  hole,  and  be  deflected  and 
leave  the  vertical  forces  alone  active.  So  that  if  we  were  to  enlarge 
'&X  hole  indefinitely  the  liquid  would  fall  in  the  central  area  as  a 
free  gravitating  body;  and  as  I  assume  little  resistance  from  the 
now  distant  margins  of  the  hole,  there  would  be  no  elastic  reaction 
in  the  central  part  of  the  efflux;  therefore  the  area  of  central  efflux 
would  be  the  full  area  falling  as  the  velocity  of  the  mean  height  gh 
IS  before.  Upon  this  principle,  as  all  holes  have  dimensions,  the 
velocities  of  efflux  vrill  be  compounded  of  the  forces  represented  by 
^ik  and  gk,  and  the  areas  of  efflux  between  half  and  the  entire 
erta.  The  values  of  which  for  holes  of  moderate  dimensions  I  will 
now  proceed  to  discuss. 

t  I  have  shown,  30  prop,  b,  that  the  compression  will  be  greatest 

upon  the  bottom  stratum  of  water  resting  in  a  vessel,  and  that  in 

tliecaseof  a  hole  in  the  bottom,  that  this  stratum  would  be  the  first 

to  move  by  the  reaction  of  the  elastic  forces,  but  the  motive  activity 

of  this  compression  must  be  proportional  to  the  nearness  to  the  hole; 

ftr  although  compressions  will  aid  in  impressing  elastic  force  for 

idod^,  the  water  on  the  distant  parts  of  the  lowest  stratum  cannot 

■Hi  tiie  hole  to  displace  other  parts  that  are  crowding  towards  it 

equal  or  greater  force,  therefore  the  entire  compression  on  the 

aied  lower  stratum  of  water  will  not  project  its  force  quite 

y,  as  the  water  will  receive  part  of  its  impulse  from  the 
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mcntum  of  all  parts  of  the  water  moving  towards  the 
re  at  the  hole,  as  discussed  30  prop./  We  may,  therefore, 
:  the  most  compressed,  therefore  most  active,  lower  stratum 
wiU  have,  as  before  proposed,  a  certain  energy  of  carry- 
■ards  the  hole  upon  the  strata  above.  Thus  in  the  general 
of  forces  of  efflux,  this  directive  impulse  will  act  at  a 

0/  inclinatiott  to  direct  gravitation  in  pressing  towards 
liat  it  will  form  a  resistance  to  the  descent  of  the  vertical 
:ss  energy  than  if  it  acted  at  an  angle  of  90°  as  previ- 
jd  for  the  directive  influence  of  the  bottom  of  the  vessel ; 
uilse  at  this  angle  will  increase  the  volume  of  efflux  to 
rcater  than  half,  as  it  would  be,  if  the  horizontal  forces 
■cd  quite  horizontally  as  before  taken,  30  prop.  b. 
we  take  the  resistance  due  to  the  moments  of  the  efHux 
iter  through  a  hole  in  a  thin  plate,  as  proposed  in  the 
pli,  to  be  as  the  co-sine  of  the  angle  of  inclination  of 

hydrodynamic  resistance  to  vertical  efflux,  then  the 
■;  will  act  directly  as  this  co-sine  in  the  moving  water. 
case  the  clastic  covtpressions  -^i'lll  vary  as  Uu  depth  of 
ions  of  all  tite  particles  that  can  move  towards  the  hale.   If 
iLT  we  can  by  any  means,  as  by  the  form  of  the  vessel  in 
die  is  made,  conceive  resistance  to  efflux  within  the 
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that  the  elasticity  of  the  system  may  increase  the  velocity  of  efflux 
above  C  H'  in  any  proportion  to  a  body  falling  freely  by  gravitation 
from  any  part  of  the  distance  C  H,  the  height  C  H'  being  equal  to  h 
as  before,  and  the  height  H  H'  being  equal  to  2  h  proposed  for  pres- 
sureonly.  The  hydrodynamic  force  2  gh  being  equally  impressed  at 
B  and  B'.  If  we  consider  the  carrying  force  (§^)  to  give  direction 
to  the  particles  of  falling  liquid  upon  a  plane  represented  in  section 
by  the  line  H'  I,  circumscribing  the  hole  at  like  angle  to  the  horizon; 


we  may  then  take  the  lineal  values  in  the  inscribed  segment  H'  I B'  to 
represent  proportional  areas  to  the  lines.  The  above  being  accepted, 
then  the  resistance  to  gravitation  impulse  of  such  particles  as  fall 
upon  plane  H'l  to  the  efflux  through  the  hole  will  vary  as  the  co-sine 
of  the  angle  I  H'S  as  represented  by  the  space  H' S  to  the  radius 
H'B';  this  last  being  taken  to  represent  perfectly  horizontal  direc- 
tion of  resistance.  I  have  before  shown  that  the  resistance  may 
theoretically  in  extreme  cases  equal  the  direct  forces,  so  as  to 
increase  compression  to  double  the  mean  gravitation  forces,  and 
decrease  the  efflux  area  to  half.  Now,  if  the  radius  H'B'  which  re- 
presents horizontal  resistance  be  taken  as  a  quantity  —gh  as  plus 
tiastic  force,  to  a  direct  gravitation  system;  the  co-sine  to  the  radius 
rfthcanglelH'S,  may  be  represented  hy  gh.cos\'S\'^\  the  equation 
for  dastic  reaction  being  then  gh  +gh .  cos  I  H'  S  expressed  in  lineal 
whics.  Further  the  deflection  by  the  plane  H'l  which  increases  the 
Waof  efflux  above  half,  may  be  represented  by  a  circumscribing 
•<«  proportional  to  the  lineal  versine,  or  as  the  space  S,  CS  to  H'B' 
Ml  the  equation  for  area  may^be  represented  by  Ja-t-J  a.verlWS, 
iwbeing  that  previously  proposed  for  horizontal  impulse  exactly, 
••+i<i.ir«IH'S  being  found  experimentally  to  equal  61  of  area 
3^  allowing  ^1  for  friction  of  the  system. 
S  angle  between  the  carrying  forces  and  resistances  taking 
tat  unity,  maybe  found  by  the  formula  £■0116=  '— ^^^^'i 
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i;:^  the  angle,  and  P  and  Q  the  carrying  force  and  resist- 
ivcly.     This  I  find  by  calculation  to  be  42°  29'  35'  for  a 
1  a  thin  plate  omitting  corrections  for  diameter  of  hole. 
[;le  given  above  must  be  considered  as  the  equation  of  a 
,1  for  values  of  incHnation  in  parts;  but  as  the  velocity  of 
1  an  incline  is  the  same  as  through  a  cycloidal  arc,  which 
rurvature,  the  areas  of  efflux  would  be  as  the  incline  into 
nearly.     The  form  of  curvature  would  be  actually /w«- 
.r  nearly  static,  or  in  rotation,  as  43  art.  ante  will  show, 
1  the  corners  BB',  and  the  velocity  of  impulse  of  carry- 
aid  increase  in  inverse  ratio  as  tlie  squares  of  the  distance 
■nt  where  the  elastic  forces  would  be   released.      The 
s  of  these  forces  would  by  the  means  proposed  give  a 
lath  for  the  lateral  particles  and  for  the  directions  of 
the  hole;  but  as  gravitation  acts  as  a  constant  quantity 
:lie  process  and  the  movements  of  this  force  are  directly 
Lrabolic  trajectory  Mould  be  really  induced  which  would 
versely  and   approximately  the   path  of  a   projectile 
ly  vertical  from  the  earth. 

ibove  conditions  it  is  seen  that  the  lateral  impulses  resist 
npulscs  and  regulate  the  area  of  efflux.     It  will  also  be 
lis  area  will  be  coiislaiit,  for  if  we  increase  the  vertical 
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tiic  elastic  forces  before  absolute  issue,  that  we  might  increase  the 
area  of  effiux  in  any  proportion  until  the  liquid  issued  at  the  full 
area  of  the  aperture  at  the  velocity  gh  as  proposed.  This  must 
evidently  be  done  by  increasing  the  area  of  aperture  constantly  in 
direct  ratio,  that  the  compressed  elasticities  in  the  water  are  able 
to  react  by  the  mobility  of  its  system.  It  will  also  be  very  clear 
that  the  form  of  aperture  to  produce  this  effect  will  be  that  of  a 
frustum  of  a  cone.  With  such  a  cone  as  here  proposed  it  is  said 
that  Eytelwein  by  refinements  of  experiments  of  Venturi,  but  not 
acting  on  principles  here  given,  was  able  to  obtain  etHux  equal  to 
3  free  area  of  -98  of  the  aperture,  ■02  only,  being  lost  by  friction,  for 
what  I  consider  the  perfect  equation  of  area  for  velocity  equal  to  gh. 
This  condition  of  the  velocity  of  issue  from  such  cones  I  find  easily 
demonstrated  by  experiment  Thus,  if  we  construct  a  vessel  so 
that  by  an  aperture  we  may  project  a  jet  upwards  through  a  hole 
in  a  thin  plate  from  a  supply  cistern  above,  as  shown  and  described 
on  page  108,  and  measure  the  height  of  the  jet  so  projected,  we  find 
that  it  reaches  nearly  the  height  of  the  cistern.  If  we  now  take 
half  the  height  of  projection,  and  construct  a  frustum  of  a  cone  whose 
area  nearest  the  vertex  equals  the  area  of  the  hole,  and  at  its  base 
twice  this  area,  and  place  this  vertically  over  the  hole,  the  liquid  will 
then  have  insufficient  projectile  force  to  rise  higher  than  the  inverted 
cone,  and  will  simply  overflow  smoothly  at  its  mouth.  For  the  fric- 
tion of  water  through  a  cone  which  causes  the  small  loss  of  "Oi  only 
of  area,  I  will  show  the  conditions  further  on. 

i.  If  we  consider  the  efflux  area  from  a  vessel  to  be  derived  from 
gravitation  and  elastic  forces  conjointly,  and  if  these  are  proportional 
for  one  height,  they  will  be  proportional  for  all  heights  in  like  ratio 
for  issues  from  the  same  form  of  aperture  and  under  the  same  in- 
tonal  conditions,  in  all  cases-  Thus,  supposing  we  have  a  thin 
W3el  pierced  with  equal  holes  at  equal  descending  depths,  and 
*e  measure  the  efilux  area  of  the  first  hole  in  ratio  to  its  gravitation 
nd  elastic  forces  for  its  volume  and  velocity,  all  holes  lower  will  be 
inportional  to  the  depth  of  the  first  Thus,  assume  the  influences 
tobedue  equally  to  gravitation  (_g)  and  elasticity  (f),  so  that  half 
(■  Accffect  is  due  to  each  for  velocity  and  volume  of  issue; 
tlwn  for  efflux. 


if  + 

i' 

=  height 
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g* 

=  ih 

second  bole 
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and  so  on,  or  we  may  say  of  the  fourth  hole  in  relation  to  the  first 
that  the  liquid  issues  with  double  the  volume  and  double  the  elas- 
tic compression  —4  A.  If  we  add  a  pipe  or  cone,  we  may  increase 
gravity  area  of  efflux  in  any  proportion  until  finally  the  elasticity  dis- 
appears, and  the  fluid  issues  in  volume  equal  to  the  aperture,  with 
velocity  equal  to  a  body  falling  not  less  than  half  the  height  of  the 
supply  cistern  minus  the  friction  of  the  aperture,  as  in  the  cases  of 
cones  just  discussed. 

/.  As  in  the  projection  of  a  liquid  from  a  thin  plate,  the  horizon- 
tal forces  may  be  assumed  to  project  their  impulses  beyond  the 
edges  of  the  plate  into  the  hole,  and  as  Eytelwein  was  able  to 
construct  a  cone  that  delivered  so  much  as  '98  of  the  aperture,  and 
that  from  a  hole  such  forces  being  free  in  a-  thin  plate  to  enter 
into  composition  with  the  vertical  forces ;  it  became  difficult,  upoq 
my  conception  of  the  principles  of  efflux,  to  see  how  the  edge  of 
the  hole  in  a  thin  plate  could  olfer  any  measurable  resistance  to 
the  outflow;  as  the  thin  plate  must  offer  much  less  surface  friction 
than  a  long  cone,  thei;efore,  a  jet  projected  upwards  from  such  a 
thin  hole  should  rise  very  nearly  the  height  indicated  by  the  forces 
present  at  its  efflux,  in  so  far  as  the  friction  was  concerned.  If  the 
elastic  forces  at  the  hole  were  equal  to  2ffh,  the  efflux  by  reaction 
of  elasticity  (32  prop,  a)  should  project  the  water  the  entire  height 
of  the  supply  reservoir.  I  therefore  devised  the.  following  experi- 
ment to  try  this. 


Ftg.  41. — Ev.  Upwprd  prqjcctioD  of  jct.  Fig.  43. — Ex.  Downward  pmjection. 


q.  An  iron  cask  was  connected  with  a  pipe  of  2J^  inches  in  dia- 
meter as  shown  in  the  engraving  above.  Upon  the  end  of  the  pipe 
another  piece  of  pipe  was  fitted,  so  that  it  could  be  turned  at  any 
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to  the  first  After  closing  the  end  and  cutting  exactly  half  this 
[upe  away  lineally  near  the  end,  and  filling  in  the  cut  part  with  a  flat 
[tote  (the  drawing  is  incorrect,  it  shows  less);  the  end  piece  described 
OMiId  be  turned  in  any  direction  about  its  circumference ;  so  that  a 
line  drawn  along  the  centre  of  the  upper  part  of  the  surface-plate 
would  keep  one  position  in  space.  Now  making  a  hole  central  to 
this  line  on  the  plate,  and  fixing  another  very  thin  plate  with  a  smaller 
bole  over  this,  I  could  direct  a  jet  upwards  or  downwards  from  the 
same  spot  Means  being  taken  by  the  principle  of  overflow  of  keep- 
ing the  water  in  the  vessel  at  one  height 

r.  By  fixing  two  rules  vertically,  in  such  a  manner  that  one  was 
at  3  distance  of  6  inches  before  the  hole,  and  one  at  the  same  dis- 
tance behind  it,  the  eye  could,  by  looking  over  the  edge  of  the  two 
rales,  at  once  measure  the  height  of  an  intervening  jet  by  the  in- 
ddence  of  the  lines  which  could  be  seen  simultaneously  with  the 
jtt  With  this  apparatus,  the  water  in  the  reservoir  standing  con- 
stantly at  38  inches,  a  jet  wasprojected,  when  this  projection  became 
moderately  steady,  37  inches.  The  projection  (not  the  force)  being 
A  less  than  the  entire  height.  This  loss  would  be  due  to  resistance 
rf  air,  friction  of  apparatus  in  deflection  of  directive  impulses  and 
side  contact,  and  minus  velocity  from  the  composition  of  forces  in 
Ae  vessel  and  in  the  diameter  of  the  hole.  At  this  height  it  was 
quite  clear  that  all  the  water  from  the  jet  did  not  reach  the  apex. 
It  was  also  clear  that  it  had  to  support  a  greater  volume  of  water 
than  that  which  wouH  equal  a  constant  jet  of  the  size  of  the  issuing 
column,  for  the  column  of  water  issuing  from  the  '2$  of  an  inch  hole 
wasspread  out  at  the  vertex  of  projection  upwards  to  a  cone,  whose 
base  was  as  nearly  as  I  could  measure  '65  of  an  inch  in  diameter,  so 
ftat  perhaps  the  extension  of  the  column  equalled  by  resistance,  the 
imperfect  projection  for  height  By  comparative  measurements  I 
famd  this  cone  of  similar  form  to  that  which  in  a  conical  pipe  would 
pomit  the  greatest  volume  efflux  from  the  vessel. 

*  The  jet  was  now  inclined  at  an  angle  of  about  5  degrees  to  get 

fc  greatest  elevation,  and  the  water  flowed  over  the  edge  of  the 

.  {njected  cone  just  described,  the  path  of  projection  not  being  in 

^^h  case  parabolic     To  ascertain  the  resistance  from  interference 

■*fect  projection  by  the  returning  water,  I  reversed  the  movable 

'le  apparatus  by  turning  the  jet  downwards,  as  shown  in  the 

Mration,  and  calculated  the  relative  outflow  from  the  two 

'me  for  a  given  volume  of  water. 


1 
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above  experiment  I  placed  a  glass  tube  in  the  supply 

shown  in  either  illustration,  with  a  bulb  blown  at  one 
e  being  kept  upright  by  a  covering  tube,  in  which  it 
slide;  a  hole  was  ground  in  the  face  of  the  outer  tubt; 
aving  index  marks.    With  this  apparatus  the  water  was-' 
ow  out  of  the  cask  until  the  glass  tube  sank  to  a  line 
h  corresponded  with  a  line  upon  the  hole  in  the  outer 
in  which  it  was  placed,  having  a  similar  line  on  the 
ube  for  a  starting  point.    With  this  the  time  of  overflow 
from  one  line  to  tlic  other  was  taken,  which  time  occu- 
ard  projection  lo  minutes  45  seconds.    Now,  reversing 
hown  in  the  second  illustration  above,  I  found  that  the' 
ty  of  water  from  line  to  line  flowed  out  downwards  at 
1  seconds. 

eing  4  seconds  difference  of  time  due  to  additional  resis-* 
pward  over  downward  projection,  showed  the  projectiMl 
as  the  force  of  efflux  for  the  highest  part  of  the  je^ 
erencc  for  upward  and  downivard  projection  being  only 
the  whole  time.      Further,  in  tlie  downward  jet  that 
nal  forces  derived  from  cohesion  of  the  water,  conditioo« 
lave  yet  to  consider,  but  which  I  conceive  acceleratedt 
rd  projection  by  a  quantity  as  great  as  may  possibly 
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I  for  area  of  voIume=42''  29'  35'  {/i);  rf  B'  X  final  angle  of  projec- 
tion of  forces  within  the  vessel;  giving  the  velocity  of  projection  from 
the  compressed  elasticities  of  the  last  motive  part  within  the  vessel 
shown  upon  the  vertical  Y.   This  forms  the  motive  angle  of  projection 


into  the  boundary  of  a  column  of  the  diameter  of  the  hole.  This  I 
find  subtends  an  angle  tothehorizonof  4i°7'34''or  ="^^1)' x=  h'' 
^  being  equal  to  ^.  As  there  are  many  difficulties  in  the  experi- 
ments, I  only  assume  the  above  approximate,  and  most  probably 
f  B'  X  and  rf  B'  X  should  be  one  angle;  e  B  X  angle  of  composi- 
tion of  forces  for  the  area  of  the  hole  within  the  projected  column, 
which  gives  to  the  issue  a  slight  minus  velocity,  from  inclination 
to  the  horizon  =  65°  33'  47'.  The  angle  is  drawn  in  the  figure 
above  at  about  45°;  my  first  conception  of  it  by  equation  of  the 
composition  of  moving  and  static  forces.  It  should  be  in  equation 
wth  the  moving  forces  only  between  41"  7'  34'  and  90"  (vertical). 

jv.  A  particle  falling  from  Z  will  be  deflected  into  the  column  issu- 
ing at  A'  in  radial  position  to  the  semidiameter  of  the  hole  A'  B'  at 
Z",  as  Z  was  to  A  F  at  its  starting  point  near  the  surface  in  respect 
:  to  the  hydrodynamic  forces  upon  it,  that  is,  neglecting  all  function 
1  tfAe  friction  of  its  motion;  the  general  conditions  of  which  will  be 
BMb  in  the  next  chapter  in  more  demonstrable  phenomena. 

^iHk  Proposition  :  A  unit  mass  of  fluid  is  a  self-contaitied  cotu- 

^^Ti^tffrOT  of  matter.     It  -wilt  conserve  its  motive  clastic  forces  if 

t*r  these  forces  may  remain  in  t/ie  equilibrium  of  rest  within  its 

ittkm^gh  in  contact  with  otfter  motive  systems  of  fitiid  matter 

remt;  exe^t  in  so  far  as  t/ie  exterior  systems,  by  friction 
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iision  within  the  fluid  mass,  may  impress  their  motions 
In  it. 

cU  known  that  any  number  of  communicating  vessels 
gas  will  communicate  the  pressure  the  gas  receives  in 
t,  after  a  time,  equally  over  the  whole  surface  of  the 

icsting  in  a  quiescent  state,  as  water  in  a  vessel,  or  in 
of  communicating  vessels  under  equal  pressure,  will 
lation  equilibrium  after  any  disturbance  which  produces 
ic  part 

■Liid  systems  of  distinctly  different  densities  are  in  con- 
il  not  necessarily,  in  the  same  way  as  the  above,  com- 
i;ir  motive  forces   or  pressures  to  each  other  as  they 
unicatc  these  forces  to  the  same  system  of  matter;  but 
ication  in  this  case  will  be  conditional  to  the  material 
terns  of  the   fluids  and  their  powers  to  embody  the 
tions  or  pressures  through  motive  intermolecular  elas- 
thc  one  fluid  to  the  other. 

■t  proposition  very  generally  ofl"ered  in  hydrodynamics 
ibrium  of  fluids  is  that  when  a  mass  of  fluid,  supposed 
t  weight,  is  subjected  to  a  pressure,  that  the  pressure  is 
ihroudiou^h^vhol^ha^lMt^par^ar^qua^ 
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fact  as  it  practically  exists.  The  proposition  infers  that,  the  equili- 
brium of  a  fluid  may  be  partially  confined  to  its  own  elastic  system, 
which  will  be  within  the  limits  of  its  forces  of  cohesion,  and  that 
niotive  forces  or  pressures  will  not  necessarily  be  entirely  communi- 
cated to  other  material  systems  beyond  its  own  system  in  certain 
cases;  this  the  following  experiment  will  demonstrate. 

d.  Let  A  A'  be  a  bent  glass  pipe  of  I  of  an  inch  in  diameter,  each 
bend  being  6  inches,  containing  air  from  B  to  C,  and  water  at  all 
points  below  this. 

Let  S  be  the  surface  of  water  in  a  reservoir  in  communication 
with  the  glass  pipe,  at  8  inches  above  the  surface  A'  in  the  pipe. 
Nowif  pressures  and  forces  were  equally  communicated  or  diffused 
through  contiguous  systems  of  fluid  matter,  S  and  A'  should  rest 
in  equilibrium  at  one  lieight,  minus  the  difference  of  height  C,  A'. 
This  should  be  so  in  that  any  pressure  impressed  at  S,  as  that  of 
gravity,  acting  on  themassof  water  in  the  reservoir,  would  be  equally 
active  on  B.  And  if  the  fluids  could  communicate  their  motive 
systems  of  pressures  through  these  forces  as  hydrostatic  pressures, 
the  pressure  on  B  should  be  equally  impressed  at  C,  and  the  pressure 


received  from  the  air  at  C  should  be  equally  impressed  at  D,  through 

tlie  aqueous  system,  so  that  all  intermediate  parts  being  of  equal 

prostatic  pressures,  the  extremes  should  be  equal,  and  S  and  A' 

dotild  rise  to  one  height,  less  only  the  difference  of  height  between 

0  and  A*.    But  as  there  are  in  this  case  by  separation,  three  distinct 

^Fltems  of  fluid,  the  communication  of  motion  necessary  to  convey 

'^:WfttKac  from  one  to  the  other,  will  depend   principally  upon  the 

^ifi^  of  possible  inotions  in  these  systems,  which  in  this  case,  by  differ- 

"^"    ~f  density,  is  not  great,  so  that  in  fact  the  water  in  the  reservoir 

Its  at  8  inches  above  the  water  at  the  point  A'  in  the  above 

bich  was  drawn  to  scale.    The  quantity  S  inches  is  taken 

"  will  depend  on  the  quantity  of  air  in  the  tube,  and 
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nd,  24  inches  in  the  same  experiment     This  principle 
-stood  in  the  practice  of  plumbing,  where  a  few  inches 
cxurc  in  a  pipe  will,  under  certain  conditions,  withliold 
tic  force  of  a  head  of  water  of  20  feet  or  more. 
densities  are  approximately  equal,  and  the  fluids  upon 
e   attractive   forces  between   each  other,   or  chemical 
;  impressed  forces  will  act  by  continuity  with  a  certain 
:h  will  be  conditional  to  these  forces.     But  there  will 
I  certain  function  of  continuity  of  impressed  forces  by 
1  their  own  systems,  in  which  the  motion  is  originally 
for  instance,  steam  rising  in  dry  air  will  maintain  set 
it  is  invisible,  and  may  possibly  do  so  aftenvards;  but 
;oncerns  diffusion,  which  I  will  hereafter  consider. 
:ory  generally  offered  for  tlic  equilibrium  of  surrounding 
imands  that  the  fluid  should  be  without  weight,  that  is, 
nity  acting  more  upon  the  lower  than  the  higher  parts; 

mobility  of  a  fluid  system  in  its  power  to  distribute 
sssibly  tlie  heavier  or  more  dense  the  fluid  the  more 

distribution,  as  we  can   imagine  in  a  liquid,  for  in- 
;  will  be  less  deflection  by  contained  elasticities  within 
than  in  a  gas.     This  I  infer,  in  that  the  elasticities  of 
Lvil!  be  almost  entirely  contained  within  its  molecular 
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t  density,  hydrogen,  would  be  the  least  active  in  distribution  of 
forces.  This  is,  I  think,  inferred  by  the  resistance  hydrogen  offers 
to  sound  motions. 

Traction  of  Fluids. 

U.  Proposition:  Fluids  Itaving  parts  moved  asunder  byaforce 
if  fat  great  velocity,  will  draw  after  tfiem  contiguous  parts  in  ratio; 
that  these  ere  not  withheld  by  greater  forces  than  tite  mass  cohesion  of 
tkt  jiuid  system.  The  moving  parts  in  like  manner  will  draw  for- 
ward otlter  parts,  until  a  motive  part  engenders  by  the  continuity  of 
its  motion  a  motive  system  of  which  the  original  motion  only  forms  a 
fart. 

a.  The  cohesion  being  equal  throughout  the  whole  system  of  a 

single  fluid; — if  this  fluid  is  pulled  asunder  by  a  force  it  will  part  in 

:       the  nearest  plane  to  the  motive  force,  as  any  greater  distance  from 

I       thisnearest  part  would  have  to  overcome  greater  inertia  (21  prop.  d). 

If  any  part  of  a  liquid  contiguous  to  a  motive  part  is  more  free  to 

I      move,  Uian  the  cohesion  or  adhesion  to  solids  in  the  more  distant 
parts  can  withhold  it,  the  near   quiescent   parts  will  necessarily 
I       follow  the  motive  parts.     This  principle  is  visible  in  many  pheno- 
mena, for  instance,  it  is  shown  in  the  manner  in  which  a  small  stream 
will  run  down  a  vertical  solid  surface  in  a  close  column,  or  upon  the 
I      underside  of  an  inclined  plane.    It  is  also  shown  in  the  manner  that 
I      a  wet  cloth  will  empty  a  pail  of  water  when  it  is  hung  over  the  edge. 
[      In  this  case  the  capillary  force  causes  the  first  rise,  which  the  trac- 
I,      tion  of  the  water  continues,  the  overflow  being  independent  of  th 
\      fiinctions  of  the  capillary  force,  which  is  equally  active  to  uphold 
'      both  the  ascending  and  descending  parts  of  the  liquid  in  the  cloth. 
i.  By  placing  a  lathe  of  wood  at  an  angle  of  about  25°  to  the 
horizon  and  permitting  a  stream  of  water  to  flow  upon  the  upper 
cad  of  the  wood,  this  stream  will  flow  along  the  under  side  to  a 
dqith  of  about  -13  of  an  inch  without  dropping.      About  twenty 
jemago  I  extemporized,  and  afterwards  used  for  many  years,  a  solid 
/    «Ooden  rod  of  about  an  inch  square  to  carry  my  photographic  and 
t-^  Amtcal  washings,  for  about  24  feet  obliquely  downwards  across  a 
,;i^irt  to  a  sink,  and  this  simple  contrivance  conveyed  the  outflow  of 
"Inch  pipe  as  securely  as  a  continuous  pipe  would  have  done, 
'fdy  avoided  the  inconvenience  from  the  corrosion  of  the 
that  I  had  previously  used. 
t  ^stem  of  cohesion  which  causes  traction  of  following 
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active  ill  a  certain  degree  upon  all  lateral  parts,  so  that 
sive  to  the  liquid,  which  may  be  conceived  to  unite  the 
:em  of  a  certain  mass  of  the  liquid,  when  moving  straight 
engender  a  tractional  system  of  motion  in  the  lateral 
s,  the  same  as  upon  all  following  parts  of  tlic  liquid, 
ilues  of  tractional   forces  for  the  above  case  are  well 
observation  made  by  Mr.  J.  Scott  Russell;  for  this  I 
r.  Russell's  own  words  as  I  find  them  given  to  describe 
anslatioit,  the  properties  of  which  I  will  hereafter  more 
consider.     I  use  the  illustration  now  to  show  the  con- 
;cts  of  tractional  forces  which  may  drag  powerfully  for- 
mass  of  contiguous  water  horizontally,  in  partially  over- 
resistance  of  quiescent  surrounding  cohesiona       Mr, 
:;s;'  "  I  was  obsei-ving  the  motion  of  a  boat  which  was 
n  along  a  narrow  canal  by  a  pair  of  horses,  when  the  boat 
1  stopped.    Not  so  the  mass  of  water  in  the  channel  which 
tion;  it  accumulated  round  the  prow  of  the  vessel  in  a 
ent  agitation,  then  suddenly  leaving  it  behind,  rolled 
1  great  velocity,  assuming  the  form  of  a  lai^e  solitary 
rounded,  smooth,  well-defined  mass  of  water,  which 
s  course  along  the  channel  apparently  without  change 
iiminution  of  speed.     I  followed  it  on  horseback,  and 

i 
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1  that  the  tractional  forces  equal  a  certain  function  of  near 
adhesion. 

35.  Proposition  :  In  the  traction  of  liquids,  or  otherwise  co/iestve 
icdits,  the  parts  set  in  motion  titat  are  laterally  free,  will  move  lotuards 
tie  central  axis  of  the  mass  to  seek  tlte  greatest  area  of  contact.  If  the 
mving  lineal  series  of  parts  be  of  any  figure  other  than  cylindrical,  t/te 
mesl  exterior  parts  will  be  drawn  most  towards  tlie  axis,  so  as  to  form 
a  Cflinder,  or  to  approach  this  form. 

a.  In  r  I  proposition,  page  30,  we  have 
the  conditions  under  which  static  cohesive 
fmes  will  produce  globular  masses,  by 
the  cohesion  of  every  molecule  seek- 
if^  the  greatest  area  of  contact.  The 
same  principles  will  apply  to  this  pro- 
position, but  the  forces  will  be  motive  and 
continuous ;  therefore  the  area  of  greatest 
cohesion  of  the  molecular  parts  being  in 
direct  lines,  will  arrange  the  cohesive  mat- 
ter cylindrically,  with  the  central  axis  in  the  direction  of  motion. 

b.  We  may  observe  the  principles  of  the  above  proposition  in 
pouring  water  from  a  mug.  The  broad  stream  which  issues  over 
the  edge  is  drawn  into  a  narrow  cylindrical  stream,  and  the  water 
stands  up  in  beaded  outline  upon  the  edge  of  the  mug,  where  it  is 
drawn  over.  In  this  we  may  notice  that  the  cohesive  force  of  the 
water,  seeking  the  greatest  area  of  molecular  contact,  acts  in  the 
same  manner  as  the  cohesive  forces  in  homogeneous  plastic  solids  or 
semi-solids;  for,  if  we  use  force  upon  a  homogeneous  soft  solid  to 
stretch  its  length,  as  the  force  of  gravitation  stretches  the  stream  of 
water,  an  exactly  similar  contraction  is  caused  by  this  stretching  as 
occurs  in  the  more  mobile  fluid,  and  the  above  illustration,  Fig.  45, 
will  represent  either  the  stretched  band  of  water,  or  of  semi-fluid  as 
icd-hot  glass,  or  of  a  metal  as  cold  copper.  In  which  cases  the  line 
A  to  B  may  represent  either  the  edge  of  the  mug  over  which  the 
VBter  is  drawn,  or  a  mass  of  solid  hot  glass,  from  which  a  band  of 

ji^m  is  drawn,  or  a  vice  in  which  a  band  of  cold  metal  is  held  to  be 
*"^D  by  a  superior  force  to  that  of  gravitation. 

liis  stretching,  in  the  above  cases  of  the  fluid  or  other  plastic 

»ere  continued,  and  the  material  %vcre  sufiiciently  cohesive, 

ould  constantly  decrease  in  transverse  breadth,  and  a 
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d  at  length  be  produced,      This  thread  would  break 
he  instant  the  limit  of  the  cohesive  force  in  the  fluidity 
n  of  matter  was  exceeded. 

position  of  stretched  fluids  to  form  threads  or  cylinders 
tributed  to  surface  tension.     I  have  shown  previously 
forces  tensile  or  extensile  would  in  free  matter  produce 
lobular  form,  where  the  molecular  forces  sought   tlie 
a  of  contact  {11  prop.  ^.),  the  motive  cylinder  by  this 
being  as  the  sphere  of  a  static  system.     This  proposi- 
lirectcd  to  the  conditions  of  masses  does  not  take  any 
of  surface  forces,  for  the  same  forms  induced  by  trac- 

are  evident  in  failing  masses  of  water  of  many  thousand 
lute.  where  the  surface  forces,  at  most,  as  components  to 
lUst  be  very  insignificant 

found  that  the  molecular  fractional  force  of  water  may 
1  shown  by  the  following  experiment: — Take  a  glass 
ut  an  inch  in  internal  diameter  and  of  about  a  foot  in 
ICC  this  vertically  in  connection  witli  a  resen,'oir,  so  that 
■w  through  it  with  small  force.    Now,  if  the  supply  to  the 
c  by  an  aperture  or  pipe  of  a  quarter  of  an  inch  circular 
is  certain  that  a  larger  stream  than  tliis  of  i  inch  cannot 
le  glass  pipe.     Therefore,  if  the  pipe  be  allowed  to  fill 
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over  the  end  of  the  pipe,  in  which  there  is  a  triangular  opening 
as  shown  in  the  engraving  above  (Fig,  47),  the  stream  at  issue  will 
t>c  in  this  case  triangular;  but  it  will  form  a  perfect  cylinder  in 
about  6  to  8  inches,  if  the  supply  force  be  small.  If  the  stream 
issue  uith  great  velocity  from  the  height  of  the  reservoir,  there  would 
be  present  compressed  elastic  forces  which  would  cause  the  stream 
to  distend  at  issue ;  the  conditions  of  which  I  do  not  now  propose  to 
follon-. 

/  The  conditions  of  contraction  of  a  lineal  liquid  system  under 
direct  strain,  would  permit  the  continuity  of  tractional  forces  in 
the  centre  of  the  system  by  lateral  supply  for  an  indefinite  time, 
or  until  the  liquid  thread  so  produced  assumed  invisible  fineness, 
if  there  were  not  present  surface  forces  sufficient  to  overcome  the 
continuity  of  the  system  at  a  certain  diameter,  as  previously  dis- 
cussed. This  is  possibly  the  case  with  glass,  which  I  assume  to 
possess  no  special  surface  force,  which  may  therefore,  if  kept  fluid,  be 
drawn  to  great  fineness.  But  with  liquids  possessing  extensile  surface 
fwc^  which  possibly  nearly  all  liquids  possess,  at  a  certain  point 
the  extensile  surface  force  overcomes  the  cohesion  of  the  mass,  and 
the  thread  instantly  breaks  up  into  globular  beads  by  principles  dis- 
cussed 23  prop,  page  74. 

g.  Some  demonstrations  of  this  proposition,  as  regards  lateral  trac- 


kwo,  were  approximately  given  by  Venturi  as  principles  of  lateral 
(ftamunication  of  motion  to  fluids.     One  of  the  experiments  he 
.<lftn  is  particularly  demonstrative;  this  is  Ex.  1.'     The  horizontal 
rfcal  pipe  A  C  is  introduced  into  the  vessel  D  E  F  B,  which  is 

'  imiiDiiication  of  Motion  in  Fluids,  by  J.  B.  Venturi,  translated  in  tfUhel- 
eL  iL  p.  173. 
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'ater  as  high  as  D  B.     Opposite,  and  at  a  small  interval 
jrture  C,  commences  a  small  rectangular  channel  of  tin 
!  R,  which  is  open  at  top  S  R ;  the  inclined  bottom  M  H 

edge  of  the  vessel  B.     It  is  24  lines  broad ;  the  diameter 

A  C  is  i4'5  lines;  the  extremity  A  is  applied  to  an 
\  in  Fig.  48.    The  water  of  the  reservoir  being  suffered  to 
1  tile  tube  A  C,  the  j  et  rises  along  the  small  channel  M  B, 
It  of  the  vessel  in  the  stream  B  V.     By  this  means  a 
■  roduced  in  the  fluid  of  the  vessel  D  E  F  B;  this  fluid 
he  channel  S  R,  and  issues  by  M  B  V  along  with  the  jet 
t  in  a  few  seconds  the  water  D  B  falls  to  M  H.     The 
oifercd  fully  meets  this  case,  the  water  in  the  vessel  is 
if  I'xferior  part  of  the  s)-stem ;  it  will  be  therefore  drawn 

axis  of  motion,  as  in  all  other  cases, 
lount  and  mode  of  lateral  communication  of  motions  in 
le  very  important  in  the  consideration  of  the  commu- 
]iiotions  to  masses  of  static  water  contiguous  to  ocean 
ich  by  this  proposition  are  induced  to  preserve  a  con- 
n,  or  rather  to  contract  the  section,  and  the  same  prin- 
>L-  active  in  moving  air  also.     But  these  phenomena  in 

complicated  generally  with  other  principles  of  active 
\  ill  be  hereafter  tal<en  into  consideration. 

isity,  is  assumed  at  first  to  move  or  drag  with  it  an  infinite 
]i  depth  of  fluid  in  contact,  to  which  the  adjoining  stratum  is  con- 
ceived to  offer  a  certain  amount  of  resistance  by  its  inertia,  so  that  it 
siipi  a  little  from  its  hold  upon  the  moving  fluid,  nevertheless  it  in- 
duces motive  velocity  upon  the  lateral  stratum,  by  which  this  second 
stratum  moves  with  a  Jittle  less  velocity.  This  stratum  of  induced 
motion  then  moves  another  contiguous  to  it  in  like  manner,  and 
this  another,  until  by  consecutive  strata  the  inertia  of  the  mass  is 
overcome  in  diminishing  series  of  velocities  by  the  tractional  or 
m  a  tergo  force;  or  if  the  force  be  continuous  at  equal  velocity,  and 
the  lateral  mass  small,  by  moving  contiguous  parts,  by  which  the 
inertia  of  resistance  is  assumed  to  be  overcome,  and  the  entire  mass 
enters  the  system  of  the  flowing  stream  as  in  Venturi's  experiment. 
In  this  case  the  value  of  the  cohesive  force  is  estimated  in  the  com- 
pound ratio  of  the  flowing  surface  velocity,  of  flowing  force,  of  time 
by  continuity,  and  of  slip,  upon  the  lateral  assumed  static  fluid. 
Therefore  the  lost  velocity  must  constantly  be  proportionally  equal 
in  equal  times,  in  the  consecutive  strata,  to  that  the  quiescent 
fluid  gains,  in  like  proportion,  as  these  velocities  on  a  cohesive  system 
must  react  equally  upon  each  other.  Therefore,  if  we  take  the  vis 
a  lergo  force  to  diminish  in  the  duplicate  ratio  to  the  distance,  which 
practically  it  may  do  upon  these  principles  in  a  certain  unit  of  space, 
the  resistance  being  everywhere  equal,  the  diminished  velocity  will 
be  as  the  square  of  the  distance. 

i.  I  have  no  doubt  that  the  above  answers  approximately  to  prac- 
tical observation  in  certain  cases,  as  I  have  proposed  34  prop,  for 
some  small  distances  from  the  central  area  of  a  flowing  stream ;  but  1 
doubt  extremely  if  the  principle  has  any  reality  whatever,  as  regards 
the  loss  by  slipping  being  a  function  of  fluid  motion,  except  that  it 
'      miy  represent  in  a  certain  rough  way  an  apparent  principle  of  action 
of  cohesive  forces.    For  the  motions  of  fluid  /  extremely  doubt  thepos- 
^ility  of  slipping  or  gliding  motions  in  any  form  whatex'er,  for  which 
Idiall  endeavour  hereafter  to  show  reasons.    In  the  present  case  the 
i     «tf  a  tergo  system,  or  any  other  system  that  may  be  expressed  by  any 
\  '-.  tmttOKl  proportional  finxious  that  I  have  met  ^vith,  will  not  answer 
Bfj  fr  the  lateral  communications  of  motion.     This  is  seen  in  that  any 
Vf,tuHU  series  of  fluxions  would  require  local  maxima  or  minima  at  a 
distance  from  the  moving  part,  to  be  true  to  practice,  insteadof 
mes  in  the  most  distant  part  or  in  the  extreme  distance,  as 
tmands.     For  instance,  I  have  not  met  with  any  form  of 
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answers  for  the  motive  direction  of  fluids  In  distant 
i  of  a  stream,  where  proportional  motive  functions,  if 

be  still  active,  as  in  this  case  the  ^uxiona/  force  could 
ilively: — Whereas  experience  shows  us  that  a  Bowing 
river  does  not  move  the  quiescent  side  waters  in  its  own 

accelerate  them,  if  flowing  more  slowly  in  this  direction 
ts  of  velocity,  in  any  proportion  whatever  to  tlie  lateral 
versed;  in  fact,  in  certain  cases  which  are  common  «-e 
ic  entire  flowing  force  of  a  stream  in  a  wide  channel 
ion  in  the  lateral  water  near  the  banks  directly  opposilt 
''S  force.     This,  I  will  show  hereafter,  is  in  principle 
lid  necessarily  lite  case  through  the  state  of  elastic  cohe- 

present  in  the  liquid. 

olc  of  the  conditions  of  the  above  I  will  hereafter  con- 
nciples  as  demonstrable  as  I  can  make  them  by  experi- 

proposition  here  given  is  confined  to  tractional  forces 
'c rally  free  from  exterior  resistances,  and  which  cause 
V-  uniformly  to  central  areas  by  attractive  forces,  as  de- 
1>,    So  that  this  proposition,  as  regards  tractional  forces, 
10  water  above  the  inlet  at  D  in  Venturi's  experiment  in 
ire,  but  does  not  apply  to  the  water  under  the  flowing 
1. 
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s  fluid,  there  will  be  no  resistance,  and  its  form  will  be  pre- 
1  throughout  its  projection,  representing  at  the  same  time  a 
live  force  in  the  fluid  equivalent  to  an  equal  mass  of  it.  This 
font  of  motion  may  be  observed  in  clouds  that  have  a  specific 
gravity  not  greatly  in  excess  of  the  stratum  of  air  in  which  they 
move,  and  in  which  they  preserve  their  configurations.  So  that  we 
may  infer  that  all  free  motive  parts  will  equally  preserve  their  posi- 
tions and  velocities  in  flowing  matter,  if  there  are  not  present  in- 
ternal motions  active  upon  external  resistances. 

b.  If  we  take  a  case  in  which  internal  motions  are  present  that  do 
not  disturb  the  external  form  in  a  flowing  force,  these  motions  will 
form  a  system,  whose  motive  forces  will  be  in  relation  to  other  parts 
of  this  system  ottfy,  not  to  the  general  momentum  of  flowing  force ; 
and  if  the  body  be  carried  forward  by  the  flowing  force  with  the 
same  velocity  as  the  flowing  fluid,  its  mass  will  have  the  same  entire 
floflfii^  force  as  an  equal  mass  of  the  flowing  fluid,  although  the 
flowing  force  of  its  parts  may  be  different  For  instance,  the  hull 
of  a  ship,  whose  submergence  represents  an  equal  bulk  of  water  to 
the  submerged  bulk  below  the  water  line,  would  not  cause  any  de- 
duction to  be  made  from  the  flowing  force  of  the  stream  in  which 
it  may  be  floated,  as  the  force  of  the  bulk  of  the  vessel  moving  in 
the  fluid  is  equal  to  the  same  mass  of  moving  fluid,  neither  would 
any  operations  within  the  ship,  as  the  working  of  engines  or  moving 
of  cargo,  affect  the  velocity  of  the  ship  or  its  flowing  force  in  the 
stream,  except  these  motions  cause  external  friction.  Therefore 
motions  that  affect  flowing  forces  are  exterior  or  surface  forces  of 
contact  on  other  matter,  which  cause  by  adhesion  acceleration,  re- 
sstance,  or  deflection. 

c  Motions  that  are  exterior  to  a  fluid,  and  that  do  not  act  as 

Rsistances  or  accelerations  to  its  flowing  force,  may  engender  motions 

within  the  flowing  system  which  will  henceforth  be  carried  forward 

ini^  and  the  motions  may  cause  some  parts  of  the  flowing  system 

to  move  more  directly  or  quickly,  and  other  parts  to  move  inversely 

or  more  slowly;  as,  for  instance,  a  cyclone  in  the  air  may  be  carried 

Anrard  in  a  current;  and  part  of  the  retrograde  side  of  the  cyclone 

■qr  appear  on  the  earth's  surface  to  be  motionless  air,  although  it 

%iAr*lation  to  the  motive  system  of  the  cyclone,  as  active  as  the 

narts,  and  the  general  momentum  of  the  direct  flowing  force 

cyclone  remains  the  same  in  the  current  as  an  equal  volume 

mt  directed  in  its  stream  lines. 
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osition:  All  luteal  parts  of  a  free  flowing  fluid  n»t 
xterior  resistances,  that  /tave  a  velocity  more  or  less  tktm 
■'eloeity  of  the  current,  will  be  constantly  resisted,  so  that  a 
f  too  quickly  will  be  retarded  by  other  particles  in  front, 
ng  too  slowly  accelerated  by  others  behind,  until  tht final 
he  parts  becomes  equal,  and  the  fluid  moves  in  direct  con- 
s.     The  same  principles  will  Iwld  for  a  cohesive  systtm 
station  upon  an  axis  of  inertia,  where  the  velocities  of  the 
umferenlial  parts  will  finally  become  equally  active,  or  as 
'their  motions  about  the  axis. 

inciples  of  this  proposition  are  given  by  Newton  in  his 
Tliey  arc  here  discussed  to  consider  certain  conditions. 
hole  forces  within  a  fluid  are  assumed  to  be  contained 
1  contact     Any  parts  of  the  system  that  have  by  any 
,-;  velocity,  will  engender  compressions  upon  the  forward 
arefaction  on  the  backward  parts;  and  after  a  certain 
of  time,  the  compresbion  will  be  reflected  and  return 
refaction,  and  equilibrium  will  be  restored  in  equation 
:ragc  velocity  of  the  system.     By  this  means  also  aerial 
I  and  rarefaction,  assumed  to  be  engendered  by  sound, 
liiteratcd  in  a  short  space  of  time, 
roposition  does  not  relate  to  conditions  where  the  com- 
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practical  application,  as  components  of  fluid  motion;  in  which 
most  free  fonvard  and  backward  parts  of  a  lineal  series  of  parts 
in  a  current  are  ultimately  brought  to  uniformity  of  motion  in  their 
lineal  directions,  and  the  flowing  force  is  continued  in  equation  with 
the  forward  and  backward  momentum  of  the  separate  parts. 

(.  For  the  conditions  of  a  circular  equation,  if  wc  admit  a  general 
[jrinciple  of  cohesion  in  the  fluid,  and  impress  opposite  sides  of  a 
fluid  mass  by  any  means  with  different  velocities,  or  retard  one 
side  of  the  projection  by  any  resistance  whatever,  the  tendency  will 
be  to  cause  rotation  in  the  mass,  so  that  it  will  now  in  its  flow  de- 
soibe  an  arc,  or  a  complete  circle,  about  the  superior  resistance,  in 
iuch  proportion  that  the  original  impulses  of  the  flowing  force  may 
be  free  to  act  In  a  coherent  system,  an  induced  circular  motion  by 
separate  impulses  will,  if  left  to  itself,  after  a  short  time  produce  and 
preserve  a  uniformity  of  motion  in  a  circular  area  under  the  same 
coQditions  as  proposed  for  a  direct  area,  without  greater  additional 
friction  on  the  entire  motive  velocity  of  the  moving  parts  than  is 
caused  by  the  resistance  at  its  tangential  and  its  resting  plane. 

d.  This  proposition  will  be  found  in  practice  to  apply  to  central 
fwces  of  flowing  streams.  If  there  be  lateral  resistance  in  any  part  of 
tbe  stream  the  motions  will  not  be  direct,  as  I  will  hereafter  show. 
The  proposition  is  ofiered  as  a  principle  that  ensures  constancy  of 
velocity  over  established  lineal  directions,  direct  or  circular,  which 
causes  a  continuity  of  force  in  lineal  or  circular  areas,  where  the 
motive  power  is  derived  from  a  local  cause,  that  does  not  at  any  time 
aiiect  the  entire  area  of  the  fluid  projected,  but  at  first  or  in  part 
ooly.  The  proposition  is  important  in  the  consideration  of  oceanic 
and  aerial  currents  to  be  hereafter  discussed. 

88.  Proposition:    Tkat  flowing  fluids  will  preserve  the  same 

iHSthe  volutfus  and  velocities  Iry  cohesion  of  their  parts,  and  by  equa- 

Smef  internal  forces,  in  so  far  as  they  are  free  from  internal  strains 

tfatemal  resistances  to  do  so. 

9,  Taking  a  flowing  fluid  as  a  mass  system  in  motion,  it  will  flow 

feUffOximately  over  equal  areas  in  equal  times,  preserving,  as  far  as 

^miriU^  a  uniform  sectional  area.     Thus,  if  a  stream  flow  along  a 

■  Mil  «ii^  there  are  bays  or  inlets  in  the  river,  the  stream  will  not  be 

d  into  these  bays,  unless  there  is  some  exterior  point  of 

which  makes  this  the  least  frictional  line  of  motion;  but 

(1  generally  induce  such  a  system  of  motion  in  the  bay 
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al  flowing  volume  may  be  maintained  in  the  most  free 
e  motive  conditions  under  which  this  occurs  will   be 
isidcrcd.     If  a  stream  flow  through  a  lake,  there  will  be 
lateral  motions  which  render  its  path  of  little  friction, 
naintain  an  equal  course,  as  is  seen  in  a  stream  flowing 
ic  Constance  in  Switzerland.     The  same  will  occur  in  a 
le  ocean. 

impediment,  as  a  stone,  be  placed  in  the  bottom  of  a 
water  will  rise  as  it  approaches  this  impediment,  and 
:  of  the  stone  will  be  clearly  indicated  by  a  deflection 
cc  of  the  water.     If  the  stream  pass  over  a  hollow,  it 
r>  it  and  rise  upon  the  opposite  side,  so  as  to  continue 
lately  uniform  motion  as  a  lineal  system  of  fluid.     In 
the  water  being  raised  above  gravitation  equilibrium, 
:  incident  waves;  but  these  arc  complementary'  pheno- 
e  need  not  follow  now. 

ve  elastic  forces  in  liquids. 

)S1TI0N:  //  a  free  Jlowing  liquid  is  resisted  by  a  solid 
by  its  form  some  less  free  opening  for  the  continuity  of 
force  tlutn  titat  of  its  approach  to  (lie  obstacle,  the  flowing 
iquid  zvill  accumulate  its  momentum  in  elastic  compression 
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will  impinge  upon  the  second  in  like  manner,  and  so  on  to  the 
extreme  distance,  until  the  projectile  force  of  the  mass  is  taken  up 
ifllhe  percussions  and  reflections,  in  which  it  conserves  its  elastic 
force  equal  to  the  force  of  resistance  to  the  moving  mass.  Under 
diesc  conditions  the  elastic  force  of  the  flowing  mass  is  conserved 
IS  an  entire  compression  in  i/se//,  and  in  the  fluid  in  front  of  the 
resistance  conjointly,  so  that  the  forces  of  reflected  resistance  are 
compounded  with  the  direct  force  of  tiie  flowing  mass.  By  this 
means  a  flowing  stream  in  a  free  open  area  will  be  compressed  and 
partially  retained,  so  that  it  will  rise  against  the  static  resistances, 
but  will  have  its  flowing  force  increased  in  the  deflected  current 
thereby,  equal  to  the  conserved  elasticity  of  the  compression,  by  which 
the  flowing  force  acts  cumulatively  in  increasing  the  velocity  ot 
a  smaller  sectional  area  of  the  flowing  force  which  appears  in  the 
deflected  stream,  exactly  as  in  the  cases  of  the  hole  in  the  bottom 
ofa  vessel  discussed,  in  26,  27,  and  28  props. 

c.  If  a  lai^e  surface  of  impediment  is  placed  in  a  running  stream, 
as  the  pier  of  a  bridge,  the  water  will  accumulate  in  front  of  the 
pier,  and  be  pressed  up  above  the  average  liquid  surface  for  a  long 
distance  up  the  stream,  and  form  a  conic  area  of  resistance  in  the 
water  before  the  running  stream  encounters  the  pier ;  but  the  average 
vdocity  of  a  stream  beyond  the  bridge  will  not  be  much  impeded 
by  the  resistances  of  the  piers,  as  the  restrained  elasticity  of  the 
redstance  will  react  and  greatly  accelerate  the  water  passing  through 
the  arches. 

40.  Proposition:  Horisontidly  impressed  forces  in  an  open  flowing 
iiguid,  will  accumulate  elastic  compression  at  a  distance  in  front  of  a 
fouU  of  perfect  resistance,  greater  than  at  the  same  absolute  point. 

a.  The  active  molecules  of  a  flowing  stream,  first  coming  to  a 

point  of  solid  resistance,  will  after  contact  be  the  most  reflected. 

OUkt  molecules  impinging  upon  these,  being  more  distant  from 

tfiestatic  resistance,  will  be  less  reflected  from  the  less  static  solidity 

[   tf  tiheir  impact,  and  others  less,  and  so  on  to  the  greater  distance, 

}f  MB  the  approaching  molecule  will  have  a  velocity  only  an  in- 

r  ilAdy  small  quantity  greater  in  the  same  direction,  than  the  re- 

'^**'  '  molecule  immediately  in  front  of  it,  or  that  the  flowing  force 

nass  will  be  nearly  equal  in  direct  momentum  in  the  same 

■€  motion  to  the  resisting  force.     Therefore,  altlwtigk  tlu 

vnU  be  equal  in  the  entire  mass  approaching  tht  point  of 
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reflective  force  will  be  greatest  at  the  point  of  absolute 

Ind  as  the  reflected  percussionary  force  by  its  direction 

approaching  flowing  force,  at  a  certain  point   in  the 

■  clastic  forces  in  opposition  will  act  cumulatively  and 

iiTcnt  with  greater  velocity  than  that  of  the  flowing  force 

I  of  least  restraint,  or  conserve  the  elasticity  of  the  flow- 

Icted  force,  if  there  be  no  free  egress. 

Inciples  of  the  above  may  be  shown  experimentally, 

p  the  central  line  of  a  wide  open  trough  an  upright  peg, 

1  current  of  water  to  flow  down  the  trough  past  this;  we 

_rvc  that  the  flow  of  water  at  its  general  average  height 

c  reach  the  peg,  or  that  there  is  no  elevation  about 

m;  but  that  the  reflex  action  of  the  resistance  of  the 

raises  a  ridge  in  the  water  before  the  peg  is  reached, 

ridge  flows  outward  from  the  obstruction  by  a  current 

litirely  avoids  the  peg.     The  surface  of  the  water,  as  it 

s  case,  is  sketched  roughly  below. 
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water  at  a  constant  height  at  its  surface,  so  that  there  was  a  stra- 
tum of  water  a  quarter  of  an  inch  or  more  upon  the  bottom  of  the 
trough,  enabled  me  to  estimate  clearly  any  resistance  to  the  flow  at  the 
bridge  by  the  difference  of  depth  of  water  near  it  The  cumulation 
of  elastic  force  from  the  flowing  current  was  observable  long  before  it 


reached  the  bridge;  but  its  greatest  accumulation  was  at  a,  as  in  the 
figure  which  in  this  case  was  at  about  \  an  inch  in  front  of  the 
bridge. 

In  this  experiment,  as  in  that  given  (12  prop,  c),  cumulative  elas- 
ticity of  the  liquid  is  shown  in  expansion  of  volume.  The  water 
appears  in  this  case  to  pile  itself  near  the  top  of  the  bridge  to  nearly 
double  the  height  of  the  current  in  a  small  stream  of  a  quarter  of 
an  inch  in  depth.  The  conserved  elasticity  becomes  released  after 
it  passes  the  obstruction,  and  there  remains  the  same  volume  of  out- 
Bow,  at  nearly  the  same  velocity  from  the  trough  as  though  there 
were  do  obstruction. 

d.  The  cumulative  conservation  of  elastic  force  in  front  of  a  resis- 
tance becomes  an  important  element  in  the  motive  forces  of  ocean 
cnrrents,  under  many  circumstances  and  cases.    The  general  efi'ect 
'  bang  the  elevation  of  the  water  at  a  distance  in  front  of  the  point 
of  resistance,  and  augmentation  of  the  velocity  of  the  deflected 
.  CMTent,  where  the  flowing  force  and  reflected  resistance  produce  the 
-  {Ratest  mass  compression.     Many  instances  of  this  principle  of 
■Jnot  action,  that  are  visible  in  surface  motions  occur  in  ocean  cur- 
^Ms.    One  of  the  most  striking  of  these  is  perhaps  in  the  western 
"Irrf  the  main  equatorial  current  in  the  Southern  Atlantic.    This 
5  current  takes  its  western  drift,  from  reasons  that  will  be 
r  discussed,  direct  upon  the  immense  eastern  promontory  of 
noerica,  which  extends  from  Cape  St.  Roque  to  Pernambuco, 
■  axis  of  greatest  average  projection  at  about  7  degrees 
lb     Over  this  solid  point,  or  rather  front,  of  resistance. 
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Atlantic  equatorial  current  is  said  to  divide  at  a  dis- 
ly  300  mi/es  before  it  reaches  the  front  of  absolute  resis- 
t:  main  equatorial  current  at  600  miles  distance  from 
],  the  water  is  said  to  flow  at  a  rate  of  about  20  miles 
IS,  in  the  deflected  current,  at  300  miles  distance,  under 
c  elasticity  of  reflective  force,  it  flows  at  a  much  greater 
s  in  tlie  northern  deflection  which  forms  the  Guinea 

ate  is  at  about  40  miles  a  day.  The  same  form  of 
if  velocity  occurs  also  in  the  southern  deflection  which 
azil  current.  I  will  return  to  this  matter  when  other 
c  discussed,  and  the  active  principles  of  this  fomi  of 

carefully  investigated.  I  give  this  note  to  illustrate 
:o  of  the  principle  enunciated  in  this  proposition. 

UTION :  /f  two  flowing  forces  meet  at  an  angle,  by  wJiuU 
istance  from  each  other,  the  elastic  forces  of  the  flowing 
r  conserved,  so  that  if  there  is  only  one  possible  issue  of 
1,  this  will  carry  the  fluids  when  they  are  throzun  together 
•clocity  tlian  they  each  separately  possessed. 
iditions  of  the  above  are  nearly  the  same  as  those  dis- 
L'p.  page  94-     It  is  found  that  a  tributary  flowing  into 
tlie  section  is  not  greater,  the  current  becomes  swifter 
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only  in  its  power  to  retard  direction  of  motion  for  the  most  part,  in 
the  area  of  least  possible  freedom,  the  conditions  would  be  as  in  the 
followii^  diagram: — 


c.  Let  the  above  diagram  represent  a  vertical  section  of  water  in 
a  quiescent  state    The  lower  surface  being  a  rigid  plane  of  adhesive 
resistance.    Let  the  arrow  represent  a  force  embodied  in  fluid  matter 
proceeding  in  lines  parallel  to  the  surface,  and  to  the  plane  of  re- 
sistance at  any  depth.     Let  the  liquid  suffer  any  kind  of  resistance 
from  adhesion  or  viscosity  greatest  at   the   static  lower  surface. 
Now  the  force,  represented  by  the  arrow  near  the  lower  plane,  find- 
ing the  greatest  resistance  at  6,  by  the  laws  of  fluid  motion  it  will 
move  to  the  less  resistant  plane  5.  By  such  movement  or  deflection  it 
will  now  possess  a  directive  force  upwards  from  the  horizontal  plane 
of  its  original  force,  and  this  directive  force,  being  further  deflected 
by  the  consecutive  planes  of  decreasing  resistance,  will  consecutively 
de6ect  the  force  more  and  more,  as  shown  from  6  to  5,  5  to  4,  and 
soon,  until  it  reaches  the  surface  i,  or  the  plane  of  least  resistance. 
Now  above  i  we  have  air,  which  offers  considerably  less  resistance 
than  the  water,  and  we  can  imagine,  following  the  same  line  of 
a^ment,  that  the  force  would  be  ejected  here,  and  finally  exhaust 
itself,  possibly  by  this  ejection  against  gravity  from   the  surface 
water.    But  we  are  reminded  that  force  does  not  exist  except  in 
sccompanying  gfravitating  matter,  and  that  in  this  case  it  has  mani- 
fold resistance  by  its  adhesion  as  previously  shown,  so  that  it  will 
limply  swell  up  under  the  compression  caused  by  the  projectile 
ibice  and  overflow. 
i.  The  above  conditions  are  given  for  projectile  fluids  only,  and 
;-     do  not  relate  to  frictional  movements  of  solids,  that  intrude  no  new 
■obile  matter,  the  conditions  of  which  will  be  hereafter  taken. 


CHAPTER    IV. 

;tact  of  fluids  upon  solids  and  upon  parts  of 
i'n  or  other  systems.    principles  of  rolung 
in  fluids  moving  upon  lateral  resistances. 

iples  of  Motive  Contact  of  any  Material  System 

s  of  displacement  in  constant  contact  of  one  mass  or 
atter,  upon  or  about  another,  can  take  place  only  upon 
Icfinite  mechanical  principles. 

tss,  unit,  or  pari  of  any  body  may  slip  or  glide  upon  any 
■pari.     This  it  may  do  cither  in  a  straight  plane,  lineal 
action  of  motion,  or  upon  any  curve  of  regular  radius 
it  is  free  to  move  tangcntially.     In  gliding  motions  the 
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is  free  to  move  upon  \ts  ceti Ire  0/  incr/ia,  or  by  some  mode  of_/«'«ft'«^ 
in  a  part  of  tlie  system  at  a  position  normal  to  the  plane  of  contact. 
Or  that  both  units  of  the  system  be  in  like  manner  free  to  move  on 
a^t,  or  free  part  or  parts. 

i.  The  above  defined  principles  of  motion  are  common  in  me- 
dianics,  and  are  known  as  motions  of  sliding  and  of  rolling  contact. 
Il  having  been  clearly  demonstrated  that  the  friction  of  sliding  con- 
tact, however  smooth  or  perfect  the  planes  of  motion  may  be,  will 
be  much  more  frictional  than  any  system  of  rolling  contact  for  the 
same  weight  of  matter  displaced ;  and  for  this  reason  also  to  resist 
the  strain  by  friction  of  sliding,  all  parts  of  a  sliding  system,  as 
just  stated,  must  be  made  perfectly  rigid.  This  rigidity  in  mechanics 
is  effected  by  the  hardness  or  perfect  cohesion  of  the  matter  of 
which  the  slidii^  surfaces  are  formed,  by  the  smoothness  of  the 
parts,  and  by  the  perfection  of  fixing  at  points  in  and  near  the  area 
of  contact;  as  we  find  that  in  any  material  mobile  system  of  two 
bodies  in  motive  contact,  if  one  of  these  bodies  by  defect  of  internal 
cohesion  and  of  fixing,  is  so  far  free  that  it  can  move  upon  any  point 
not  in  the  plane  of  contact  in  all  directions,  or  in  one  direction  only 
perpendicular  to  the  plane  of  motion,  it  will  then  make  under  displace- 
ment rolling  contact  tangentially  to  the  radius  of  such  axis,  joint,  or 
free  part  of  the  system.  The  mode  of  fixing  for  the  conditions 
given  above  may  be  by  the  action  of  gravitation  upon  the  body,  by 
inertia  of  mass,  by  cohesion,  or  by  mechanical  means. 

t.  From  the  conditions  of  the  above  mechanical  principles,  which 
are  clearly  applicable  to  every  mobile  system,  it  would  appear  to  be 
certain  that  slipping  or  gliding  motion  could  in  no  case  be  rigidly 
applied  to  the  motion  of  contact  of  a  free  mobile  system  of  matter 
<rf  any  kind,  or  of  a  fluid  in  motion  upon  any  material  body  what- 
ever, as  a  fluid  mass  must  be  conceived  to  be  matter  possessed  of 
perfect  mechanical  mobility,  which  is  equal  to  an  infinite  tnnnber  of 
jmUs  or  free  parts  in  its  system.  The  only  conditions  under  which 
file  principles  of  mechanics  could  possibly  permit  any  elements  of 
^idiog  contact  in  a  fluid  would  be  in  cases  in  which  the  rolling  con- 
tact of  the  jointed  parts  were  confined  to  so  close  an  area  that  the 
r  i-iBWal  adhesion  of  the  fluid  to  a  solid,  and  cohesion  to  its  own 
'  *  if,  would  place  the  fluid  under  such  molecular  restraint,  that 
uld  be  approximately  equivalent  to  a  system  of  mechanical 

is  no  doubt  in  my  mind,  that  by  taking  some  very  super- 
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anccs  of  the  facility  of  separation  of  the  parts  of  a  fluid 
neglecting  the  consideration  of  a  fluid  as  a  cohesive 
ibile  system  of  jointed  matter,  the  conditions  of  which 
pably  evident  independent  of  all  theories  of  fluid  matter, 
sen  taken  for  granted  that  no  mechanical  friction -saving 
Id   be  necessary  to  be  considered  to  overcome  liquid 
n  such  light,  lateral  resistances  have  been  heretofore 
0  be  actually  overcome  by  separating  or  gliding  motions 
:ermcd,  and  formula  built  upon  this  principle  without 
tion  of  quite  arbitrary  functions  have  signally  failed, 
onsider  the  perfect  structural  solidity  of  water  as  wc 
nder  compression,  and  upon  this  condition  of  solidity 
ve  any  possible  condition  of  molecular  aggregation  that 
its  cohesive  system,  we  must  conclude  that  if  a  frictlonal 
pping  is  possible  in  such  a  system,  there  must  be  present 
\r  or  planic  molecular  forms  of  primitive  aggregation 
upporting  the  rigid  planes  necessary  for  this  form  of 
of  this  we  have  not  the  most  remote  evidence.    Other- 
;  be  in  the  construction  of  the  fluid  any  system  of  free 
act  with  its  separate  parts,  which  the  very  nature  of  a 
i  to  indicate  that  there  must  be;  then  we  must  imagine 
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i.  Taking  the  whole  of  tlie  above  in  the  very  narrowest  philosoph- 
ical light,  we  are  bound  to  imagine  a  fluid  a  more  mobile  system  of 
matter  than  any  machine  possible  of  human  construction,  and  in 
ihe  machine  we  find  that  the  mechanic  in  its  construction,  to  save 
friction,  will  avoid  sliding  surfaces  where  possible,  unless  he  has 
much  surplus  power,  and  that  even  when  using  sliding  surfaces 
where  absolutely  necessary,  he  will  make  use  of  a  fluid  that  is  a 
mobile  system  of  matter,  or  lubricant  as  it  is  termed,  between  his 
necessaryslidingplanes,  so  that  what  we  absolutely  find  in  mechanics 
{jenerally,  is  that  sliding  planes  of  motion  are  reduced  to  as  small 
an  area  as  possible,  as  in  the  wheel-work  in  machinery.  This  prin- 
ciple we  see  followed  also  in  road  and  railway  carriages,  where  the 
friction  of  pn^jression  by  contact  with  the  earth  is  thrown  upon  the 
less  area  of  the  axles  of  the  wheels,  which  axles  are  reduced  to  the 
smallest  possible  frictional  area  consistent  with  the  necessary  strength 
for  the  work  to  be  performed  by  them,  and  this  friction  is  again 
reduced  by  the  intervention  of  the  most  perfectly  mobile  fluid 
system  or  lubn'cant,  possessing  the  smallest  chemical  force  of  adhe- 
sion, that  can  be  found  capable  of  intruding  itself  between  the  slid- 
ing parts. 

/  The  facility  with  which  rolling  contact  can  occur  in  a  mobile 
system  will  depend  upon  the  direction  of  impulse  to  the  axis  joints 
or  mot»le  parts.  Thus  if  the  resistances  are  directly  in  front  of  such 
axis,  they  will  produce  a  pressure,  so  that  it  will  be  only  in  propor- 
tion that  the  material  system  or  fluid  can  be  directed  aside  to  oblique 
impulse  that  rolling  contact  will  be  possible.  On  the  other  hand, 
resistances  that  are  placed  laterally,  or  that  act  perpendicularly  to 
tiie  plane  of  motion,  wilt  be  those  in  which  a  mobile  system  will 
nulce  rolling  contact  with  the  least  possible  friction. 

t.  A  great  principle  negative  to  slipping  contact  of  fluids  was  dis- 
covered by  Venturi,  in  the  evidence  he  produces  of  the  lateral  com- 
■uinication  of  motion  to  fluids,  in  his  important  work  before  alluded 
to;  although  he  does  not  offer  any  theoretical  system  of  rolling 
contact,  as  I  intend  to  do;  still  he  demonstrates  in  many  ways  the 
nident  cohesive  forces  of  liquids,  which  by  itself  would  render 
■fipping  contact  very  frictional,  if  possible,  in  a  mobile  system  of 
■*•»  (35  prop,  s)- 

Seriiaps  I  should  notice  upon  this  subject,  what  is  otherwise 
tliat  motions  of  rolling  and  slipping  contact  may  be  com- 
nae  system,  as,  for  instance,  in  certain  grinding  machines. 
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locity  of  the  periphery  of  one  of  the  rollers  is  madei^J 
neans  greater  than  another  against  which  it  slips  ai^^ 
:h  cases  the  friction  is  nearly  as  the  amount  of  slipping 
at  this  may  be  taken  mechanically  as  a  sliding  system, 
great  refinement  is  required,  then  its  components  may 
arately. 

:ases  of  Rolling  Contact  in  a  Material  System. 

r  may  be  displaced  by  rolling  contact  upon  another 
1  ways,  which  are    both  applicable  to  fluid   motions. 
may  itself  form  the  roller  and  be  of  globular  or  cylin- 
nular  form.     2.  The  body  displaced  may  be  a  plane 
ion  a  number  of  such  globes  or  cylinders  or  rings  which 
friction-savers  to  the  motive  plane.     It  will  be  conveni- 
1  consider  the  principles  of  these  motion.';  before  offering 
>on  the  principles  of  rolling  contact  to  be  applied  to  the 
.  of  fluid  matter. 

first  place,  for  the  conditions  of  a  free  roller,  it  may  be 
lically  that  perfect  rolling  motions  produce  very  small 
le  planes  of  contact,  as  in  this  motion,  the  separate  parts 
>f  the  roller  are  balanced  by  other  parts,  so  that  all  parts 
•istaiit  equilibrium.      The  equally  distant  balanced  parts 
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have  only  to  imagine  a  level  plane  and  a  roller  to  be  infi- 
Ijr  smooth  and  indcflectiblc^  and  the  roller  to  be  infinitely  true 
in  all  its  circumferential  parts.  Then  any  impressed  movement 
npoa  the  roller,  be  it  a  cylinder,  globe,  or  ring,  that  can  overcome 
Uie  inertia  of  its  mass  to  cause  it  to  roll,  in  the  first  instance,  will  be 
theoretically  a  cottsiant  force,  gravitation  being  assumed  to  act 
equally  about  the  axis,  and  normal  to  the  plane  of  motion. 

d.  For  the  conditions  under  which  a  plane  may  be  displaced  by 
the  intervention  of  such  free  rollers  as  are  described  above,  if  there 
are  more  than  two  rollers,  the  mobile  plane  must  be  of  necessity 
parallel  to  the  plane  on  which  it  rests,  and  between  which  the 
rollers  are  interposed.  Then  if  the  two  planes  are  perfectly  smooth 
and  indeflectible,  and  the  rollers  perfect  cylinders  or  spheres,  the 
system  being  without  gravitation  or  in  equal  potential  of  gravita- 
tbn,  during  the  motive  displacement  of  its  free  plane;  and  we  now 
impress  this  motive  plane  with  any  force  in  the  direction  of  its  free 
■notion,  that  is  sufficient  in  the  first  place  to  overcome  its  inertia  and 
that  of  the  rollers,  this  force,  as  far  as  the  mechanical  conditions  arc 
coocemed,  will  be  a  constant  force. 

t.  It  is  quite  certain  that  we  cannot  attain  tlie  perfect  conditions 
assumed  in  the  above  paragraph,  with  known  material  and  by  human 
skill,  but  such  a  system  may  be  experimentally  shown,  with  sufficient 
freedom  to  support  theory,  by  a  plane  of  plate-glass  supported  upon 
another  like  plane  by  three  equal  metal  globes  as  perfect  as  can 
be  made  in  a  turning-lathe.  Witli  this  experimental  apparatus  it 
may  be  shown  that  when  the  inertia  of  the  system  is  overcome  a 
veiy  small  force  will  be  suf^cient  to  continue  the  motion  to  the 
extent  of  the  area  of  the  plane,  or  as  far  as  this  is  in  gravitation 
equilibrium  in  the  system. 

/  As  soon  as  wc  come  to  investigate  the  principles  of  rolling  con- 
tact in  a  fluid,  these  principles  become  complicated  with  functions 
of  lateral  resistance  head  resistance,  and  traction.  I  will,  however, 
endeavour  in  this  chapter  to  consider  the  conditions  of  rolling  con- 
tact under  aspects  as  simple  as  I  am  able  for  the  demonstration  of 
tiiis  principle  of  motion  only,  to  show  simply  that  this  form  of 
ootion  is  clearly  applicable  to  fluids.  I  will  take  further  conditions 
iAowards,  where  wc  may  more  clearly  estimate  the  influence  of 
Aection  of  motive  forces,  by  deflections  under  head  resistances  in 
Ihe  next  chapter,  and  other  conditions  of  circumscribing  lateral 
■obtances  further  on. 
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Is  of  Rolling  Contact  of  Fluids. 
bsiTiON :  If  a  free  mass  of  fluid  ffoiv  upon  or  against  a 
Ytance,  the  ftwtive  contact  will  engender  a  system  of  rots- 

^liole  or  in  the  near  parts  of  tlte  fluid  mass,  which  rotation 
■ately  resemble  the  motion  of  a  free  roller  on  a  smooth 


Isumed  that  wc  admit  the  general  principle  of  adhesion 
ph'ds,  and  of  cohesion  of  fluids  intcrmolecularly,  as  previ- 
i,  and  as  shown  clearly  in  the  modes  of  lateral  commu- 
liotion  given  by  Vcnturi  (35  prop,  g,  page  i  ig),  by  which 
potion  moves  near  quiescent  parts  in  its  own  direction. 
c  the  fluid  as  bein^  adhesive  to  a  solid,  and  in  itself 
may  conclude  that  a  flowing  fluid  moving  against  a 
will  have  less  flowing  velocity  near  the  solid,  where  it 
I  greater  resistance  from  its  adhesion,  than  at  a  greater 
Ini  it,  where  it  experiences  less  influence  of  resistance, 
Icontinued  through  the  system.  This  higher  velocity 
I  distant  part  of  the  flowing  fluid  will  necessitate  the 
ridition  that  one  part  of  the  flowing  fluid  mass  must 
Ithe  other  part,  cither  by  revolution  upon  the  part  in 
|iat  some  general  principlcof  molecular  separation  must 
every  part   of  the  system   for  unequal   parallel 
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in  fluids,  amount  to  many  hundreds;  indeed,  I  have  found  so  few 
instances  of  fluid  contact  to  occur  in  which  this  principle  cannot 
be  obser\-cd,  if  tested  by  making  the  fluid  motion  visible,  that  I 
have  not  been  able  to  find  any  real  case  of  doubt.  I  will  offer  a 
few  simple  cases. 

f.  While  I  am  writing  there  is  a  chimney  at  the  house  opposite 
(a  copper  flue  possibly)  pouring  out  smoke  very  profusely,  and  the 
smoke-clouds  are  being  carried  away  slowly  by  a  gentle  breeze.  There 
can  be  no  doubt  that  the  smoke,  as  it  feels  the  resistance  of  the 
relatively  static  air  outside  its  visible  column,  rolls  over  in  its  up- 
ward motion  upon  contact  with  the  surrounding  air,  as  the  motive 
forceof  the  lighter  smoke  is  constantly  retarded  at  its  outward  parts. 
It  is  quite  observable  that  it  curls  outwards  in  detached  consecutive 
rolls.  In  this  case  the  rolls  appear  to  come  out  at  equal  intervals 
of  time,  the  direct  motion  being  most  probably  retarded  by  consecu- 
tive adhesions  at  points  by  irregular  contact  upon  the  chimney.  The 
slowness  and  regularity  of  the  motions  permit  the  principles  of 
rolling  contact  upon  the  air  to  be  made  clearly  manifest. 


This  phenomenon  may  also  be  observed  in  smoke  issuing  from  a 

CuumI  of  a  steam-boat ;  this  I  have  watched  with  a  telescope  as  roll- 

thg  by  contact  for  many  miles  upon  the  still  air,  after  issue  from  the 

liSlBd.,  It  may  also  be  seen  in  smoke  or  steam  issuing  from  a  loco- 

lij^iDHfe  boiler  on  a  railway. 

^or  another  illustration  nothing  can  exhibit  this  beautiful 

nenon  of  the  nearly  frictionless  rolling  contact  of  fluids  better 

(Qole  observation  that  we  may  make  any  day,  of  the  mode 

Dirent  of  hot  air  and  steam  rises  from  a  vessel  of  hot 
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later  into  the  quiescent  air,  as  it  may  be  seen  in  any 

"list  the  h'ght  in  cold  weather.     The  vapour  as  it  rises, 

Bcomcs  visible,  giving  the  forms  of  the  vapour  motion 

J  of  condensation.     As  we  watch  the  steam  rise  it  rolls 

■ic   still    air,    which   forms   its   surface   of  resistance, 

Ithe  small  velocity  of  its  rising  current  in  its  almost 

fth.    It  thereby  becomes  deflected  into  rolls  and  scrolls. 

the  resistance  of  the  air  above  is  observable  in  its 

ning  the  upward  current  from  direct  upward  continu- 

i'ill  hereafter  consider.     The  same  forms  of  rolls  and 

lible  in  the  clouds  upon  any  windy  day,  or  on  a  still 

ire  arc  currents  passing  above,  and  it  is  only  in  excep- 

|iat  other  forms  are  noticeable.  In  warm  air  charged  widi 

r  as  it  is  rising  it  encounters  the  cold  strata,  projects 

|:e  against  it,  intrudes  its  mass,  which  becomes  visible 

lit,  and  the  vapour  is  set  in  cloud,  in  the  form  that  was 

J  to  intrude  its  small  projectile  force  by  its  less  specific 

■he  quiescent  air  above.    It  is  possible  that  the  cloud  is 

Bform  of  matter,  also  one  of  greater  specific  gravity,  than 

which  it  is  formed,  so  that  the  first  visible  form  is  fixed 

legree  static  in  gravitation  equilibrium,  and  afterwards 

If  the  cloud  forms  which  we  term  a  mackerel  s, 
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f.  In  the  August  of  1873  I  was  descending  Mount  Filatus  to 
Alpnach  by  Lucerne,  in  Switzerland,  when  I  passed  through  a  cloud 
diat  extended  to  considerable  depth  for  half  a  mile  or  so.    The 
cloud  was  moving  slowly  downwards  in  the  direction  I  was  going, 
so  that  by  stepping  out  a  little  I  was  soon  through  it    When  I  was 
quite  clear  of  it  it  stood  up  with  majestic,  distinct  rounded  outline 
to  a  height  of  40  feet  or  more  on  the  front  edge.     I  had  the  curio- 
sity to  run  beyond  it  and  watch  its  motion  in  flowing  towards  me. 
1  could  see  in  this  instance,  that  it  made  rolling  contact  upon  every 
plane,  and  rolled  over  leisurely  as  it  advanced.    Permitting  the  cloud 
ag^un  to  reach  me,  I  could  see  within  the  cloud  the  direction  of  the 
motions  of  its  parts  clearly  visible  by  the  small  differences  of  tint 
from  density,  as  its  parts  were  rolling  in  equilibrium  of  the  gen- 
eral mass  system,  by  which  the  forward  parts  appeared  to  fall  to  the 
ground.     I  have  repeated  the  ejects  of  this  experiment  by  pouring 
smoke  on  a  smooth  inclined  wet  surface. 

/.With  liquids,  the  continuity  of  adhesion  of  surface,  will  under 
the  conditions  of  separate  rolling  systems  of  motion,  be  less  apparent 
and  less  general.  However,  the  following  experimental  evidence 
of  the  principle  may  be  offered.     Having  a  tank  4  feet  in  length, 


cobi 


8  inches  in  depth,  and  i^  inch  in  width,  with  glass  sidea  In  the 
centre  of  each  end  of  this,  I  placed  a  half-inch  pipe  for  the  admission 
and  ^ress  of  the  liquids.  Having  filled  the  lower  part  with  a  clear 
saturated  solution  of  common  salt,  and  the  upper  part  with  clear 
water,  I  coloured  some  water  of  the  same  temperature  with  aniline 
dyt  In  this  case  the  water  as  it  was  projected  along  the  plane 
Aowed  the  evidence  of  division  into  separate  rolling  systems,  which 
nwved  over  the  plane  formed  by  the  salt  water,  establishing  parti- 
cohrly,  a  rotary  system  near  the  entrance  where  the  supply  of  water 
constant 

*l  Proposition;  If  a  flowing  fluid  is  held  in  the  lineal  direction 

'fbwit^  flora  by  its  general  coltesion,  and  by  gravitation,  so  thai 

iwt  areas  of  the  fluid  are  compelled  to  flow  parallel  to  any  plane 
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The  flowing  force  will  in  this  case,  as  in  the  last  fire- 
'  lo  engender  a  motion  of  rotation  in  the  lateral  parti  of 
■  D  that  the  central  areas  in  relation  to  the  lateral  parU^ 
V  nearly  equivalent  meclianical  motion  to  t/uit  of  a  tnu 
■re  cylindrical  rollers,  over  or  past  another  plane  of  resiit- 

iionceive  such  a  system  of  motion  for  fluids,  as  that 
\  art.  e,  the  exterior  line  of  a  current,  assuming  roU- 

upon  all  surfaces,  would  continue  its  motion  parallel 
i;s,  and  maintain  the  highest  velocity  in  the  most  free 
So  far,  this  would  very  conveniently  represent  one  of 
is  of  rolling  contact,  but  as  we  know  there  are  no  such 
in  the  relative  parts,  or  of  their  motions  in  a  flowing 

of  planes  and  rollers,  we  must  conceive  that  this  cannot 
11  a  principle  of  motion  of  which  we  have  to  modify  the 

1   meet  actual  cases.     Thus,   in   the  first  instance,  in 

0  apply  the  above  principles  to  a  flowing  fluid,  it  is  not 
d  perfectly  detached   mobile  system  of  many  joints. 

unccive  a  fluid  to  be,  to  assume  that  the  rolling  contact 
rely  by  rigid  rollers  or  their  equivalents,  formed  of  the 
iL'diate  motive  parts,  represented  by  any  exact  interven- 

1  r.',  or  to  extend  to  such  diameter  as  will  reach  from  the 
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B  luger  area.  Thus  in  considering  this  conception  of  rollers 
tfaeoretically,  extending  over  the  distance  from  the  central  force  to 
the  planes  of  resistance,  we  might  in  certain  cases,  take  it  that  less 
fnction  would  be  incurred  by  assuming  the  motive  parts  to  be 
affected  consecutively  in  almost  infinitely  close  parallels,  which 
might  be  represented  by  intermolecular  rolling  planes,  in  which, 
although  the  separate  molecular  friction  might  be  somewhat  greater 
in  the  near  parts,  the  inertia  of  the  fluid  mass,  necessary  to  be  over- 
come for  the  general  motion  would  be  proportionally  less.  Under 
these  conditions,  taking  the  rolling  contact  as  separately  applicable  as 
friction-savii^  motion  between  every  filament  of  a  running  stream, 
assuming  such  filaments  possible,  and  extending  this  filamentous 
and  rolling  system  to  the  banks  or  bottom  of  any  stream,  we  may 
on  these  principles  consider  the  conditional  motions  that  would 
occur.  We  will  take  for  illustration  the  conditions  of  one  parallel 
plane  of  water,  or  a  filament  which  we  may  consider  as  composed 
of  globular  molecules,  placed  at  one-fourth  the  width  of  a  stream 
ninning  between  parallel  banks,  by  which  the  flomng  force  is  re- 
sisted. This  line  of  one-fourth  that  wc  have  selected  would  be  at 
mid  distance  between  the  centre,  which  wc  will  assume  is  the  most 
free  part  of  the  stream,  and  the  parallel  banks  which  form  planes  of 
perfect  resistance.  Now  suppose,  as  previously  discussed,  that  all 
parts  of  the  flowing  system  are  influenced  by  adhesion  and  cohesion. 
There  would  then  be  on  one  side  of  the  line  we  have  taken,  the  more 
free  central  force  of  the  current,  flowing  and  carrying  forward  the 
near  water  by  lateral  cohesion  with  a  certain  consecutive  velocity, 
and  there  would  be  on  the  bank  side  of  our  selected  parallel,  the 
influence  of  the  resistance  of  the  bank,  which  of  itself  would  have 
00  velocity.  This  would,  therefore,  be  retarding  the  motion  that 
the  central  current  would  otherwise  engender  about  our  imaginary 
molecular  plane.  Now  as  both  of  these  forces  would  be  in  activity 
BDtultaneously,  supposing  the  principles  of  cohesion  to  proceed  in 
wterwith  some  equal  force  for  indefinite  distance;  then  any  sepa- 
Bte  mass  of  the  water  at  the  line  we  have  imagined,  or  any  free 
■olecule,  would  be  constantly  moved  by  a  motion  of  rotation  propor- 
Ml/  to  tke  difference  of  velocity  of  the  two  contiguous  parallel  planes 
■^  ■*•*  tC, — in  fact,  acting  as  a  roller  between  two  planes  of  unequal 
■iiR  velocity,  these  planes  themselves  being  assumed  to  be 
1  flf  like  rollers. 
d^K  the  above  construction  to  be  the  actual,  by  this  we 
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nechanical  principles  very  little  from  those  given  in  the 
ind  in  our  earlier  conceptions  in  the  previous  proposi- 
lay  find  that  if  we  theoretically  extend  the  diameter  of 
)arts  in  the  molecular  line  we  have  taken,  as  we  may 
nuing  the  principles  of  lineal  velocities  proportionally 
ir  of  very  close  parallel  planes  to  planes  more  distant 
'.n,  instead  of  the  single  molecular  scries  of  rollers  pre- 
incd,  the  interventions  of  small  masses  which  act  equally 
ced  between  these  more  distant  planes,  and  these  rollers 
ed  by  the  influences  of  the  two  lateral  unequal  velod- 
;  now  conceive  the  planes  to  possess.     If  we  further 
principle  of  parallel  velocities  from  the  centre  of  die 
am  to  the  static  banks,  the  same  would  occur  in  prin- 
)re  wc  might  theoretically  equally  well  represent  raole- 
n  close  planes,  or  masses,  or  systems  of  rollers  between 
:plancswith  like  effect.     In  all  cases  oneof  such  planes 
or  past  the  other  would  give  uniformlythe  centre  of  the 
molecular  mass,  disc,  or  space  that  we  take  for  a  unit 
planes  of  motion  a  moving  force  equal  to  half  the  velo- 
moving  central   plane;  or  as  the  equation  of  velocity 
motive  tangent  and  the  tangent  of  resistance  to  the 
5.     We  shall  see,  however,  hereafter  that  this  s>'stem  will 
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h  file  current,  appearing  to  constantly  roll  upon  the  quiescent 
water  towards  the  bank  of  the  stream,  which  reacted  upon  it,  although 
it  vas  at  a  distance  from  the  surface  of  resistance.  In  this  experi- 
mat  the  rolling  motion  of  the  disc  was  not  so  great  as  though  it 
rolled  upon  a  solid  surface,  but  the  influence  of  the  resistance  was 
suiGdently  clear,  to  be  visible  by  the  direction  of  motion  induced ; 
it  could  clearly  in  no  case  produce  as  great  rotational  velocity  as  one 
of  direct  contact,  unless  its  centre  were  the  only  axis  or  joint  of  the 
system.  The  axes  of  the  liquid  system  and  their  numbers  of  in- 
fluences being  as  before  shown  to  be  practically  infinite. 

t.  It  is  very  possible  that  the  motion  induced  in  the  molecules  of 
lubricants,  moving  in  close  planes,  in'  machinery  may  represent  the 
principles  of  this  proposition  more  nearly  than  the  motions  of  any 
more  free  fluids,  which  would  be  subject  to  greater  interferences,  as 
further  propositions  will  show. 

47,  Proposition  :  That  upon  principles  of  rolling  contact  in  afiuid 
mmiiig  upon  a  plane  of  resistance  t/ie  distant  separate  parts  of  the 
fiitidviill  be  influenced  to  move  at  a  velocity  proportional,  in  reference 
to  other  parts,  as  tfte  radius  of  distance  from  tlte  resistance. 

a.  By  the  last  proposition  every  motive  molecular  plane  that  is 
more  resisted  than  another,  becomes  a  plane  of  resistance  to  any 
other  motive  plane  endowed  with  greater  velocity,  so  that  by  the 
above  conditions  in  the  motion  of  parts  of  a  fluid,  we  have  tenden- 
cies to  radial  velocities  about  all  lateral  places  of  resistance,  whether 
these  are  motive  or  quiescent 

h.  For  the  motion  of  two  planes,  between  which  I  imagined  a 

Bquid  to  act  as  a  series  of  perfect  rollers,  we  may  observe,  that 

although  these  imaginary  rollers  were  assumed   necessary  for  the 

nntifluity  of  motion  of  one  mechanical  plane  over  the  other,  that 

at  any  particular  instant  of  time,  only  one  of  the  diameters  of  the 

nUers  would  be  in  active  service,  that  by  this,  so  far  as  the  smallest 

time  of  motion  was  concerned,  we  should  need  only  one  infinitely 

ftin  plane  through  the  axis  of  the  roller  to  be  active  extending 

fron  plane  to  plane  of  the  parallel  planes  imagined.     In  fact  that, 

Vnstead  of  our  three  perfect  globes  su^ested  for  the  continuity 

'  if  notion  of  the  rolling  plane,  as  a  mechanical  principle,  in  the  case 

WDOMd  (44,  art  c),  we  had  three  thin  vertical  rods  of  equal  diameter, 

!  would  act  in  every  way  the  same,  for  the  movement  of  the 

r&orizontally  for  an  infinitely  small  distance,  and  space  of  time. 
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pljne.  This  may  be  represented  rougbSy  in  principJe  as  in  the 
diagram  below,  where  the  lower  curls  are  put  to  represent  rolling 
contact  upon  a  resting  surface;  the  radii  arc  shown  to  increase  in 


segments  continuing  of  equal  length  of  chord  of  arc  to  the  upper 
free  surface,  where  they  form  a  motive  nearly  level  plane. 

/.  The  difficulties  that  would  be  most  apparent  in  such  a  system 
arc  that  by  the  continuity  of  adhesion  to  the  radii  of  the  rollers, 
these  rollers  could  not  act  entirely  as  friction  savers,  without  con- 
siderable intermolecular  friction  of  slipping  for  .small  distances 
upon  themselves;  and  this  slipping  motion  our  theory  of  rolling 
contact  will  not  admit,  if  there  be  by  any  possible  means  a  less  fric- 
tiona)  motive  course.  It  is  therefore  necessary  that  some  modifi- 
cation of  this  principle  should  exist,  for  this  to  be  the  mode  of 
motion  of  a  free  fluid.  Nevertheless,  the  reality  of  the  principle 
of  motion  in  certain  cases,  I  shall  be  able  hereafter  to  better  demon- 
strate by  observation  of  the  borders  of  certain  frictional  currents; 
in  this  matter,  however,  every  motion  of  the  kind  is  complicated 
with  components  of  head  resistances  which  I  have  yet  to  consider. 

48.  Proposition  :  TAai  by  tlie  principles  of  rolling  contact  of 
fiuidt  moving  upon  lateral  resistances,  free  airrents  will  have  a 
Indauy  to  be  constantly  directed  towards  tli£  planes  of  resistance,  wit/i 
itiadties  tvliic/i  are  as  the  directive  forces  of  possible  tangential  motions 
ofnlHng  contact,  nortnal  to  all  the  points  of  resistance  in  an  infinitely 
J^Ud  mokeiilar  system. 

<L  Taking  the  conditions  of  radial  velocities  offered  in  the  last 

popo»tion  as  entailing  a  certain  amount  of  frictional  motion,  I 

■ill  in  this  proposition  consider  the  conditions  under  which  the 

;     MK  principles  of  motion  may  be  preserved   under  less  friction- 

1     tai  forms,  by  loss  of  a  certain  volume  of  the  direct  flowing  force, 

A  If  we  were  to  take,  instead  of  radial  lines,  as  a  part  of  a  motive 

■BoTt  that  I  have  assumed  to  extend  from  the  motive  to  the  rest- 

ptrl^  of  a  fluid  system — a  laiger  portion  of  the  assumed  roller. 
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ce,  the  forward  part  of  its  semicircunlferencc,  we  couldv 
in  this  case  that  such  a  system  would  be  motive  in  tl«ri 
5  the  radii  before  considered.     The  system  would  beM 
the  same  time  less  rigid,  and  as  we  shall  find,  morel 
a  motive  jointed  system.     Such  a  system  is  shown  bym 
below.                                                                                     1 
system  we  could  nevertheless  imagine  that  it  would  1 
ect,  that  the  separate  semicylindcrs  proposed  would 

BANK 

f^e-  sj.— DiaKmm— Propwed  Scmicyliodricii  SyBem. 

tructed  of  equal    parallel    quantities  of  matter,   and 
upposing  the  mobility  of  the  part  of  the  fluid  to  supply 
he  mass  motive  forces  of  the  cylinders  would  be  greater 
n  of  the  perimeter  than  another,  and  the  mass  velocity 
equal  in  the  parts,  which  would  make  the  motion  frici- 
licr,  that  although  these  semicylinders  would  be  com- 

SEMICVLISDRICAL  ACTION. 
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I^ete  the  inequality  of  mass  in  parts  of  the  scmicylindrical  system. 
In  this  case  the  motion  may  be  conceived  to  be  continuous  at  the 
expense  of  a  certain  disintegration  of  the  volume  of  flowing  fluid, 
which  would,  by  the  conditions  given,  be  deflected  into  the  semi- 
cylindncal  system  of  motion,  the  principle  of  which  is  indicated 
by  the  diagram  above. 

e.  To  demonstrate  the  above  form  of  motion  mechanically  we  will 
assume  a  lineal  or  filamentous  system  of  stratum  for  our  current, 
which  may  be  represented  by  a  low'pile  of  smooth  paper  or  ribbons. 
If  we  place  this  pile  of  paper  or  ribbons  upon  a  smooth  surface,  as, 
for  instance,  a  sheet  of  glass,  and  place  the  glass  at  a  slight  inclina- 
tion, the  paper  or  ribbons  would  rest  perfectly  static  upon  this, 
as  to  run  down  the  incline  they  would  have  to  slide  upon  each  other, 
or  upon  the  glass.  But  if  we  now  take  the  proposed  stratum  of 
ribbons,  that  may  be  of,  say,  five  to  ten  separate  pieces,  and  turn 
down  the  front  ends  over  towards  the  lower  part  of  the  incline,  and  - 
bend  them  under  the  other  forward  parts  of  the  stratum  by  a  curve 
that  produces  a  semicylindrical  arc  in  front,  we  shall  now  find  that 
Ae  stratum  of  smooth  paper  or  ribbons  will  be  rendered  motive, 
aod  constantly  turn  in  series,  separately  one  by  one  at  the  bend, 
until  the  stratum  is  again  extended  the  entire  length  of  the  pieces 
at  a  position  lower  down  the  plane.  When  this  motion  is  com- 
plete, the  stratum' taken  will  be  left  quiescently  upon  the  plane,  and 
move  no  more,  the  papers  or  ribbons  being  now  piled  in  rcivrsc 
trdtrXo  their  first  position.  It  will  be  seen  that,  in  this  operation 
we  transfer  the  potential  force  of  gravitation  acting  upon  the  upper 
papas  or  ribbons  in  the  pile  to  a  lower  position  of  equilibrium,  in 
iriiidt  each  piece  will  be  now  held  upon  the  plane  surface  by  the 


wijtance  of  its  adhesion,  so  that  it  does  not  move  further  by  the 

patentlal  force  of  the  inclination  against  the  amount  of  friction 

Ait  would  be  necessarily  present  in  a  slipping  motion. 

f.  We  may  perform  this  experiment  in  a  more  simple  manner 

dii^  smooth  band  of  paper  or  of  satin  ribbon  upon  a  smooth 

^  as  Uiat  of  a  sheet  of  glass.     This  band  or  ribbon  if  started 
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manner  to  that  described  above  for  the  stratum  of 
I  bend  in  front  to^\ards  the  lower  end  of  the  inchnc, 
long  the  plane  and  come  to  rest  by  turning  gradually 
front  edge  without  great  friction  upon  the  surface  upon 
■v\ards  reposes.   This  arrangement  is  represented  in  the 

.  principle  of  motion,  as  a  rough   demonstrative  ex- 
:  may  conceive  the  mode  of  motion  by  which  streams 

isintegration  of  their  volumes  and  forces,  by  resistances    , 
T  of  their  currents  only,  to  insure  the  nearly  frictionless 
rolling  contact  for  their  central  masses.     Wherein  the 
sivc  force  of  the  interior  mass  or  main  body  of  the  cur- 
beid  entire,  and  move  at  approximately  equal  velocity 
;irea  without  material  deflection  past  lateral  resistance, 
portion  only  to  the  flowing  force  static  on  the  plane  of 
'  by  inducing  within  it,  a  small  minus  velocity  by  the 
if  rotation,  in  which  the  deflection  of  the  central  force, 
rcomcs  the  friction  of  lateral  resistance  by  a  small  loss 
c.     This  principle  may  be  evident  in  oceanic  currents 
lin  a  certain  velocity  nearly  intact.although  the  sectional 
urrent  gradually  decreases.     It  will  also  be  evident  in 
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and  left  a  wet  line  upon  the  paper.  My  next  object  in  following 
diis  experiment  was  to  discover  exactly  what  portion  of  the  running 
stream  wetted  the  paper,  for  it  was  quite  clear  that  if  the  paper  was 
wetted  by  the  lower  surface  of  the  water  only,  it  must  be  by  a  slip- 
ping motion.  Therefore,  before  recommencing  the  experiment  I 
provided  myself  with  an  ordinary  culinary  pepper-box  so  as  to 
follow,  by  the  floating  particles,  the  surface  motions  of  the  stream 
particularly.  Now  taking  another  clean  sheet  of  paper  and  placing 
it  as  before  on  the  wet  inclined  slip  of  glass,  I  again  permitted  the 
jet  to  flow  from  the  can  on  the  upper  part  of  the  plane  as  before, 
hut  when  the  pool  was  formed  and  just  ready  to  run  down  the 
indine,  I  instantly  dusted  it  with  the  pepper,  which,  being  light, 
rested  entirely  upon  the  surface  of  the  pool.  Now  watching  its  motion 
I  found  that  each  floating  particle  as  it  was  carried  along  the  stream 
ran  with  greater  general  velocity  at  the  surface  than  the  average 
velocity  of  the  entire  stream,  so  that  particles  arrived  consecutively 
at  the  front  of  it    That  as  soon  as  a  particle  arrived  at  this  point  it 


instantly  turned  the  beaded  forward  edge  of  the  stream,  and  then 
%  itself  quietly  upon  the  surface  of  the  paper,  so  that  the  pepper  that 
JMS  dusted  over  the  surface  of  the  water  in  the  pool  took  an  entirely 
fmerse  position,  having  moved  from  tlie  top  to  the  bottom,  showing 
thereby  an  entire  rotation  of  the  mrrent  at  its  head,  or  most  free  part. 
i.  In  this  experiment  the  pepper  on  the  flowing  stream  is  trans- 
fcn^  from  the  top  to  the  bottom  surface  by  the  flowing  force,  as 
ow  strata  of  paper  or  ribbon  were  shown  to  be.  The  same  principle 
eiidently  exists  without  the  dust  upon  the  surface,  so  that  the  water 
alone  would  leave  a  wet  streak  of  disintegrated  water  from  the  sur- 
face of  the  flowing  stream.  I  presume  this  to  be  a  visible  condition 
:  «f  a  principle  that  is  made  evident  in  the  above  experiment  by  the 
Aenon  of  the  liquid  to  the  solid  surface. 

j£  We  also  find  evidence  of  the  same  mode  of  motion  in  the  ex- 

IBnent  of  the  floating  disk  offered  46  prop,  d,  in  a  condition  not 

^Dusly  mentioned,  that  the  disk  will  be  found  not  only  to  rotate 

bre  shown  upon  its  axis  of  inertia  by  the  differences  of  velocity 

^aits  of  the  stream,  but  it  will  be  drifted  towards  the  Borders 
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mf.   A  friend  to  whom  I  mentioned  this  principle  of  fluid 

T  is  very  fond  of  jack  fishing,  tells  me  that  he  has  ofteo 
■troubled  with  this  phenomenon  just  described,  having 
■he  stream  not  only  rotates  his  float  and  twists  his  lin^ 
s  his  float  constantly  towards  the  edge  of  the  run- 
[  and  he  tells  me  he  has  no  doubt  tliat  every  jack  fisher 

■ticed  this,  and  perhaps,  like  himself,  have  been  puzzled 

the  cause. 

BosiTION:  T/iat  upon  principles  of  rolling  contact,  tfu 
UHijiiid  flowing  down  an  iticlined  plane,  will  be  for  a  dis- 
l/j7  tlie  cliord  of  an  arc  described  upon  the  plane  with  a 
H:-  depth  of  tlie  flowing  liquid  as  tim  e/iord  of  tlic  supple- 
I  arc  from  which  twice  the  en^le  of  inclinatioH  from  its 

fV'  represent  an  inclined  plane  of  resistance  upon  which 
a  liquid  flows. 

Let  BB'  bethesurfaceof  the  liquid  flowing 
down  this  plane,  of  a  depth  equal  to  the  dis- 
tance between  the  parallels  A  A'  and  B  B'. 
Let  C  be  a  centre  upon  the  plane  taken 
to  be  any  point  of  contact  of  the  flowing 
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i.  In  the  above  scheme  the  liquid  is  assumed  to  be  under  no 

molecular  restraint,  but  to  be  taken  as  a  perfectly  free  molecular  or 

infinitely  jointed  system  as  that  proposed  6  prop.,  with  no  adhesion 

to  the  plane  of  resbtance.     It  is,  however,  certain  that  a  liquid  has 

an  adhesive  force  upon  every  plane  of  resistance,  and  that  this  will 

retard  the  velocity  proposed  above  in  a  certain  uniform  ratio.     It  is 

possible  that  this  will  form  a  minus  constant  quantity  equal  to  the 

adhesion  of  the  liquid  to  a  free  surface,  per  area  of  the  frictional 

surface.    There  will  be  present  also  a  small  component  of  restraint 

from  molecular  friction,  that  will  be  inversely  proportional  to  the 

sqaare  of  the  distance  from  the  surface  of  contact  for  all  parts. 

c  This  proposition  must  be  held  to  be  purely  theoretical,  founded 
upon  principles  of  rolling  contact  only  as  given  in  previous  proposi- 
tions, but  of  which  I  regret  that  I  have  had  no  time  for  research 
01  experimental  investigation  for  actual  velocities  under  the  con- 
ditions here  proposed. 

M.  Proposition:  Currents  of  constantly  flowing  fluids  moving 
past  quiescent  lateral  free  spaces,  or  in  bays  in  any  direction  will 
form  rotational  systetns  in  tlie  fluid  in  suck  spaces  or  bays,  which  will 
mme  upon  tite  centres  of  inertia  of  tJu  lateral  masses  moved,  so  that 
tie  circumferential  movemettts  of  the  more  free  lateral  parts  will 
a^rvach  tJie  flowing  velocity  of  tfu  current  by  which  they  are  moved 
timgaUially,  and  this  direction  of  motion  will  save  a  large  part  of  tlie 
fricdoK  of  tlte  resistance,  to  the  colusion  of  the  fluid  upon  tlie  surfaces 
agimst  which  it  presses. 

a.  This  proposition  oifers  the  means  by  which  the  friction  upon  a 
lateral  open  fluid  space  exposed  to  the  action  of  a  current  will  be 
amch  less  than  the  friction  of  near  solid  resistance.  The  proposition 
ii  Dot  only  important  in  the  consideration  of  the  mode  of  projec- 
tin  of  oceanic  currents  and  the  flow  of  rivers  past  bays,  but  is  ap- 
plicable to  over  currents  in  deep  water  also.  The  mechanical  prin- 
eqile  of  this  form  of  motion  may  be  conceived  by  the  following. 

tlf  we  take  again  the  conditions  offered  of  a  perfectly  true  cylin- 
ddcal  roller  between  perfectly  smooth  level  planes,  proposed  44  art  c, 
far  demonstration  of  a  means  by  which  a  nearly  frictionless  con- 
*Ihiii8  motion  might  be  produced  in  a  plane  under  the  equal  influ- 

>  of  gravitation,  we  find  that  where  motion  is  produced  in 

time  and   the  rollers,  this  will   be  a   theoretically  constant 

Tlierefore,  if  we  take  one  of  these  rollers,  and  if  the  plane 
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loves  over  it,  ™th  uniform  velocity  equal  to  the  induced 
ic  periphery  of  the  roller,  there  would  be  no  friction  in 
passing  over  this  roller.     In  the  present  proposition  we 
r  the  central  flowing  liquid  of  a  current  as  the  motive 
he  quiescent  lateral  system  as  the  roller, 
ndeavour  to  take  conditions  of  the  liquid  roller  based 
ctionless  motion  which  I  have  assumed  to  be  possible, 
or  the  present  all  conditions  necessary  for  the  forma- 
ablishment  of  the  liquid  roller  itself,  or  assuming  only 
notion  that  the  general  infinitely  jointed  system  of  the 

Fig.  Si.— DLiBram  of  Lalciai  Rolaljon. 

ts  by  motions  of  accommodation,  then  the  entire  effect 
ler  upon  the  central  current  will  be  to  remove  the  fric- 
sion  of  the  solid  lateral  plane,  by  inducing  a  motion  of 

'         B.JV* 
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this  case,  if  the  friction  of  rotation  of  the  lateral  mass  was  greater 
than  the  friction  of  one  part  of  the  fluid  passing  the  other  in  the 
plane  B  to  B',  this  space  C  C  C"  would  not  be  rotated.  But  if  the 
friction  were  less  by  such  rotation  it  would  be  rotated,  as  the  tan- 


rig.  63.— En  Obwrvatior  of  Lalrral  Rolalion. 


gentia!  action  would  be  equal  in  each  case  upon  the  lateral  mass, 
whether  it  were  rotated  or  not 

e.  For  evidence  of  the  above  being  a  principle  of  fluid  motion 
the  following  experimental  evidence  may  be  offered: — If  we  allow 
a  stream  to  flow  through  a  uniform  channel  for  a  certain  distance, 
and  then  enlarge  the  channel  upon  one  side  or  the  other  horizon- 
tally or  vertically,  as  in  the  diagram  above,  we  find  that  as  soon  as 
the  water  is  free  from  the  near  resistance  of  the  narrow  part  of  the 
channel,  to  pass  the  open  part,  it  rotates  the  curvilinear  part  as 
shown  in  the  diagram.  This  may  be  made  very  palpable  by  par- 
ticles of  saw-dust,  or  other  light  bodies  of  about  the  same  specific 
gravity  as  the  water,  being  placed  upon  it  or  in  it.  The  same 
principle  of  motion  may  be  noticed  in  any  little  pool  by  a  flowing 
river-course,  in  the  motive  direction  of  particles  of  scum  or  other 
niatter  that  may  be  floating  on  the  river  surface.  By  careful 
examination  a  reverse  action  on  the  borders  of  the  current,  in  the 
lateral  space,  may  be  also  clearly  seen,  active  as  a  friction-saving 
motion  to  this  rotation;  but  I  shall  be  able  to  offer  much  more  cer- 
tain illustrations  of  this  after  I  have  discussed  some  further  prin- 
ciples. In  the  illustration  above  I  have  simply  shown  a  lateral 
ciicle  rotated.  This  will  occur  in  any  form  of  free  space  for  a  pari 
tt  the  same ;  therefore  it  is  here  used  diagrammatical  !y  only.  For 
dot  present  purpose  for  the  rotation,  we  may  take  it  that  all  slow 
notions  in  fluids  are  less  frictional  than  faster  ones  relatively  to  the 
s  of  the  moving  parts,  so  that  if  motive  lines  are  extended, 
1  will  become  less  frictional.  This  will  possibly,  for  one 
K  due  to  the  sum  of  the  elastic  forces  disturbed,  which  react  to 
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brium,  but  not  generally  in  the  direction  to  increase  the 
c  motive  part,  or  at  the  instant  of  impression.    In  this 
astic  system  resists  motion,  until  the  impression  of  the 
ided  in  its  mass,  so  that  it  may  overcome  the  inertia  of 
:  of  the  mass  than  tliat  impressed,  by  smaller  motions 
Duted,  the  separate  parts  being  disturbed  less  from  their 
quilibrium,  and  the  elastic  tension  being  less  in  any  part 
1.     Further,  an  infinitely  jointed  system,  with  any  polar 
ever  in  the  joints  (to  prop,},  will  be  proportionally  free 
as  tlie  radius  of  motion  is  increased. 

SITION :  Tfmt  a  flowing fiuid  moving  upon  an  open  area 
ke  fluid,  will  hm'e  its  exterior  flowing  lines  deflected  into 
fluid  by  lateral  cohesion,  until  the  cun>es  of  deflection  of 
uid  circumscribe  a  certain  area,  tlie  constantly  increasing 
/  describe  by  this  cause  spiral  Hues  which  will  move 
mtre  of  inertia  of  a  rolling  system,  formed  by  tlie  laUral 
'.  tlie  resistature  in  the  deflected  current  equals  ilte flowing 
lint  of  impression.    Tlie  constant ftoiv  after  this  will  pass 
■  rotary  system  establislted. 

ving  force  moves  coherent  to  a  lateral  infinitely  jointed 
,  it  will  at  first  move  the  nearest  molecules  or  infinitely 
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finger.  We  will  suppose  this  mobile  volute  to  retain  a  centre 
upon  which  the  mobile  matter  coils.  The  volute  may  be  either 
standing  alone  on  this  smooth  plane  or  be  contiguous  to  another 
plane  above  it  Suppose  that  the  thin  sheet  of  mobile  material 
that  forms  the  volute  is  brought  up  by  surrounding  matter,  or  is 
otherwise  supported,  and  that  it  is  constantly  in  equilibrium  at 
the  upper  surface  of  the  roller,  and  is  mobile  to  the  impression  of 
any  small  force,  and  that  the  volute  only  is  subject  to  the  force  of 
gravitation;  then  it  would  continue  to  roll  for  an  infinite  period 
without  friction  if  the  band  of  which  it  was  formed  was  of  infinite 
length,  by  the  action  of  gravitation  only,  which  would  supply  the 
small  necessary  force  upon  the  forward  portion,  as  the  following 
diagram  will  show. 


m 


Fl^  64.— I^a^nm — Spiral  A 


d  Let  the  lineal  plane  A  A',  Fig.  64,  be  perfectly  mobile  and  be 
supported  without  excess  of  gravitation,  as  in  a  flowing  stream,  and 
be  without  inertia  or  of  such  motive  inertia  that  it  will  not  retard 
the  action  of  the  volute.  Let  B  be  a  perfectly  level  plane,  and  the 
«ntre  of  the  volute  or  first  roll  of  the  coil  that  continues  to  roll 
upon  an  axis  central  to  A'  B,  and  let  gravitation  act  upon  this  volute 
only.  Then  will  the  predominance  of  matter  on  the  forward  side  of 
fteaxisA'B  towards  C  cause  the  volute  to  constantly  roll  up  in 
tte  direction  of  the  arrow  at  C,  by  the  greater  action  of  gravitation 
on  the  forward  side  supplying  the  necessary  force. 

*  For  the  condition  of  fluid  projection  under  tangential  action 
■e  may  omit  the  force  of  gravitation,  which  is  here  used  to  demon- 
•tate  the  smallness  of  force  necessary  to  produce  the  continuity  of 
'M  involuting  system.  If  we  arrange  the  circumstances  otherwise, 
■far  instance  that  a  current  flowing  from  A  to  A'  carries  the  band 

A' forward  towards  the  volute  with  any  small  constant  force,  so 
fte  flowing  force  that  forms  the  supply  is  given  constantly  to 
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lis  would  then  cause  it  to  continue  to  rotate  and  enlai^, 
m  of  area  and  other  circumstances  permitted. 
,y  further  consider  that  if  tlie  rotary  system  were  not 
1  a  frictionless  centre  of  inertia,  but  upon  a  plane,  that 

supply  of  the  current  A  A'  would  maintain  a  friction- 
infinitely. 

,  if  there  was  resistance  at  C,  Fig.  64,  to  the  flowing  force. 
niy  increase  its  deflection  into  the  volute,  and  maintain 
■[g  system  static  in  space.     This  might  occur  with  vcrj' 

if  the  system  of  fluid  that  formed  the  volute  were  in 
libriuni. 

ic  above  diagram,  we  were  to  reverse  the  volute,  sup- 
:tly  mobile,  moving  on  a  perfect  plane,  and  permit  its 
roll    instead    of  roll  up,  it  would  continue  to  unroll 
ite  time   if   the  plane  were  of   infinite  length,  as  in 
tancc,  or  finally   to   the  end  of  the  coil  if  of  finite 

fluids,  suppose  the  flowing  force  to  be  a  small  constant, 
ill  loss  of  its  lateral  matter,  it  could  form  volutes  in 
aces  until  a  rotary  system  was  formed  of  the  mass  in 
nt  spaces,  and  whcr  such  mass  was  formed  the  original 
)\ving  fluid  would  flow  forward  by  moving  tangentially 
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(sition,  so  tliat  I  need  not  in  this  case  offer  more  than  experi- 
tl  evidence. 

i.  A  trough  that  I  made  for  other  experiments,  twenty  feet  lony 
and  eleven  inches  wide  and  of  the  same  depth,  was  placed  horizon- 
tally. At  one  end  of  this  trough  a  false  bottom  was  fixed,  extend- 
ing for  about  eight  feet,  this  being  of  the  same  width  as  the  trough. 
The  false  bottom  rested  upon  the  true  bottom,  one  end  being  ele- 
vated and  fixed  upon  the  end  of  the  trough,  at  a  height  of  about 
six  inches.     In  this  manner  it  formed  an  inclined  plane,  as  shown 


in  the  illustration.  Water  was  poured  into  this  trough  to  a  depth  of 
about  five  inches  on  the  level  part,  and  the  experiment  to  be  fol- 
lowed was  to  project  a  certain  volume  of  water  up  the  incline.  For 
this  purpose  I  took  a  piece  of  board  of  the  width  of  the  trough, 
and  of  sufficient  length  to  hold  conveniently  in  my  hands,  and 
placed  this  at  first  upright  against  the  vertical  end  of  the  trough ; 
now  by  moving  it  towards  the  inclined  plane,  for  a  foot  or  so,  a 
wave  was  formed,  which  moved  forward  over  the  surface  and 
finally  impressed  its  force  upon  the  plane.  This  wave,  as  it  met 
the  increased  resistance,  was  gradually  increased  in  height,  and  it 
showed  by  its  more  rounded  form  that  the  rolling  principle  of  con- 
tact was  becoming  outwardly  visible.  As  the  wave  progressed  its 
protuberance  increased,  until  it  reached  a  certain  point  up  the 
plan^  where  the  projection  above  the  general  surface  equalled  the 
depth  of  water  beneath  the  average  surface.  At  this  point,  for  an 
lostant  of  time,  a  complete  rolling  volute  was  produced,  whose 
inotion  was  clearly  visible  as  the  water  broke  in  its  fall  over  the 
nppcr  part  of  the  rounded  wave. 


The  water,  at  the  instant  of  the  formation  of  the  perfect  roller 
nbt^  will  be  pushing  water  in  front,  which  forms  sometimes 
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rounded  projections  or  loops,  which  are  not  a  part  of 
demonstrated  by  this  proposition,  but  are  due  to  minor 
ems  in  which  there  are  present  evidences  of  other  motive 
lot  yet  considered. 

;  above  experiment  it  will  be  clearly  seen  that  the  pro- 
the  involuted  system  above  the  surface  is  wholly  due  to 
:   resistance  of  the  plane,  and   is  exactly  equivalent  in 
>f  motion  to  the  cases  previously  considered,  where  the 
ieflectible  liquid  (last  proposition,  i). 
e  inflowing  of  a  tide  into  a  bay  or  estuary  an  immense 
■  water  enters  in  a  feu-  hours,  and  tlic  projectile  force  of 
y  must  be  immense.     Yet  we  see  the  fine  sand  on  the 
■face  very  little  disturbed.     Wc  may  attribute  one  cause 
the  adhesion  of  the  water  by  continuity  deep  into  the 
;  the   principal  cause  is   that  the  water  at  no  instant 
;s  upon  the  surface,  or  even  appears  to  do  so,  but  as  we 
t  rolls  gently  over  and  disturbs  the  land  surface  very 
pt  at  the  extreme  edge,  where  the  involuted  forms  are 
by  the  resistance,  and  the  water  makes  such  irrc^lar 
at  it  moves  the  light  sand  and  stones  as  though  it  woe 
J  motion  upon  them.     Otherwise,  if  the  land  surface  is 
an  which  the  current  gently  advances,  the  rotary  system. 
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le  A  being  attached  to  a  plane  or  being  supported  by  it.  Let 
the  mobility  of  B  about  A"  be  such  that  the  movement  of  B 
upon  this  mobile  attachment  to  A"  will  not  engender  sufficient 
friction  to  overcome  the  inertia  of  A"  upon  A', 
Then  will  a  force  in  the  direction  shown  by  the 
aiTOW  upon  B  move  the  molecule  B  about  to  its 
second  position  B',  shown  by  a  dotted  circle,  or  it 
will  move  it  round  the  molecule  a  greater  or  less 
spac^  according  to  the  strength  of  the  impulse  , 
upon  B  in  the  direction  of  the  horizontal  arrow. 

c.  If  there  be  polar  adhesion  at  the  first  point  *' p^^^f" 
of  contact  of  the  molecules  greater  than  at  other 
circumferential  parts  about  it,  such  an  adhesion  under  an  impulse 
upon  B  as  before,  would  produce  a  strain  upon  the  whole  system, 
supposed  more  adhesive  through  the  activity  of  its  polar  forces,  at 
all  points,  and  the  polar  adhesion  would  move  the  more  distant 
parts.  The  same  would  occur  also  from  adhesion  being  greater 
upon  the  points  of  contact  from  any  other  cause  than  polarity,  as, 
for  instance,  by  the  points  of  contact  being  impressed  by  a  weight 
as  that  of  gravitation  to  increase  adhesion ;  this  matter  may  be 
reduced  to  definite  experiment.  Thus,  if  we  let  a  chain  hang  freely 
down  from  a  point  of  support,  and  then  impress  a  force  upon  the 
lowest  link,  this  will  by  the  rigidity  of  adhesion  move  consecutive 
links,  and  if  the  force  be  moderately  constant,  and  not  of  high 
velocity,  the  chain  will  form  a  cycloidal  arc  at  the  point  of  greatest 
iDotive  amplitude  by  the  impressed  force  at  B. 

i.  If  we  make  a  jointed  system  still  more  rigid  than  that  of  the 
diain  taken  above,  to  represent  strong  polar  forces,  the  motion,  from 
Uk  impression  on  the  point  B,  will  be  entirely  upon  the  most  dis- 
tant joint  or  point  of  adhesion  A.  Thus,  if  we  pile  up  a  stack  of 
■^c  bricks  to,  say,  a  yard  in  height,  and  impress  a  moderate 
fawupon  the  upper  brick,  sufficient  to  disturb  the  general  equili- 
Wuni,  the  pile  of  bricks  will  fall  down  by  turning  upon  the  axis 
tmed  by  the  lowest  brick,  that  is,  upon  the  most  distant  free  joint 
&tB)  the  point  of  impact 

*  By  the  above  conditions  we  infer  that  if  the  cohesive  or  polar 

'■CB  of  a  molecular  system  of  matter  are  weak,  that  impressed 

4BCS1r11  engender  motions  near  the  point  of  impression,  but  if 

^'^iffSf  to  a  more  distant  part,  and  by  the  same  conditions  we 

:  that  one  fluid  may  take  less  amplitude  of  rotation 
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Tal  resistance  than  another  if  its  system  be  less  rigid 
ipression  of  a  force,  as  oil  may  possibly  take  less  am- 
tation  by  resistance  than  water  (12  prop.). 

ISITION:   Tlie  amplitudes  of  ^notions  of  rolling  contact  in 
arts  of  flowing  fluids  are  relative  to  tfie  velocities  of  Uu 
s  active  upon  them,  but  not  proportionally  so.     T/ic  mini- 
■ides  being  tliose  of  very  small,  and  of  very  great  fUrming 

:e  a  series  of  molecules  as  those  shown  in  Fig.  67,  to 
cohesive  or   polar   forces  attractive  upon  each  other, 
sufficient  force  to  destroy  the  perfect  mobility  of  the 
suppose  a  very  small  force,  as  before,  impressed  in  the 
tlie  arrow  upon  B.     Now  any  mode  of  communication 
;  molecules  B  and  A  at  the  extreme  end  of  the  series 
•ough  the  other  molecules  A"  and  A',     Therefore  if  B 
set!  with  an  instant  force,  only  jusfsufficicnt  to  overcome 
tia,  it  would  move  on  the  nearest  free  joint  towards  A' 
her,  as  this  force  must  have  a  commencement  of  action 
jlecular  system,  which  I  have  assumed  to  be  represented 
g  system,  it  would  be  relatively  to  the  general  inertia  of 
r  its  first  impulse  infinite,  or  of  tlic  nature  of  a  percus- 
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t  the  mobile  sj'stem  upon  its  nearest  axis  or  free  point  as  in  the 
a  case  a.  For  experimental  evidence  of  this  condition,  suppose 
our  hanging  chain  in  the  last  proposition  c  impressed  upon  its  lowest 
link  with  a  greater  force  than  that  previously  proposed,  or  one 
moving  at  very  great  velocity,  then  the  chain  would  not  be  deflected 
into  a  cycloid  at  its  extreme  curvature,  by  the  force,  but  the  curve 
produced  would  be  more  nearly  hyperbolic,  the  impression  being 
Donnal  to  the  axis  of  the  hyperbola  at  its  vertex.  If  we  in  like 
manner,  impressed  a  force  of  great  velocity  upon  the  pile  of  single 
bricks  given  at  d,  in  the  last  proposition,  upon  the  top  brick,  this 
brick  would  be  projected  out  of  the  series,  but  the  pile  would  not 
odierwise  be  disturbed  as  would  be  the  case  with  an  equal  force  of 
less  velocity. 

d.  In  our  further  investigation  this  proposition  becomes  important 
when  applied  to  fluids,  as  in  certain  cases  both  weak  and  intense 
forces  move  small  areas  of  contiguous  fluid  matter,  where  moderate 
forces  move  larger  areas  and  more  distant  parts,  and  moderate 
motions  offer  proportionally  inore  reststatice,  than  either  very  slow 
or  very  rapid  ones. 

El  Remarks. — a.  By  the  principles  discussed  in  the  several  pro- 
portions of  this  chapter,  it  will  be  seen  that  by  the  rolling  contact 
of  fluid  matter  it  is  not  intended  that  the  roller,  if  we  distinguish 
OMpart  of  the  fluid  as  such,  should  be  necessarily  of  any  definite  form, 
*Ithoi^h  the  motions  induced  will  frequently  give  this  form  by  iso- 
l^n  to  masses  of  the  fluid,  subject  to  tangential  or  flowing  forces 
"pon  these  isolated  masses.  But  the  propositions  are  directed  to 
fcnonstrate  that  the  principles  of  contact  will  be  such,  that  motive 
BO&ces  of  fluids  that  come  in  contact  with  each  other,  or  with  solids 
'*lull  maintain  lineal  or  tangential  contact  witliout  slipping  or  gliding. 
The  resultant  motion  in  the  fluid  being  uniformly  in  principle  that 
if  a  rolling  motion  however  modified  by  exterior  conditions.  It 
•lang  demonstrated  also  that  this  is  the  most  frictionless  motion  for 
■I  inlinitely  jointed  or  fluid  body,  therefore  the  motive  form  which 
■  ftiid  body  will  always  take  upon  frictional  contact 

A  We  may  also  conceive  that  if  the  surrounding  conditions  are 
Mi  that  motions  of  rolling  contact  are  not  easily,  or  possibly,  in- 
■ccd  in  the  fluid  system,  in  movements  upon  itself,  or  upon  solids, 
%tt  tbe  laws  of  hydrostatic  equilibrium,  as  they  are  termed,  will  not 
*tt  case  be  followed.    This  is  the  case  with  the  syphon  experi- 
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ment  given  in  33  prop.,  where  at  the  time  (page  113)  I  could  only 
discuss  the  principles  of  cohesion  which  evidently  hold.  But  for  the 
conditions  of  motion  by  which  hydrostatic  equilibrium  could  pos- 
sibly be  established,  we  have  in  this  case,  in  some  way,  to  induce 
rolling  contact  in  two  fluids  which  are  of  such  unequal  density,  that 
any  motion  of  rolling  contact  in  the  liquid  could  only  be  very  fric- 
tionally  continued  into  the  aerial  system  and  vice  versi.  So  that 
the  whole  system  resists  motion  by  its  cohesive  forces  simply. 

c.  The  same  conditions  exist  for  the  needle  floating  on  water 
given  (page  47),  for  although  the  water  resists  by  its  inert  cohesive 
force,  this  force  would  practically  disappear  as  a  visible  function,  if 
motions  of  rolling  contact  could  be  induced  near  the  needle,  which 
its  small  force  cannot  effect  on  an  extensive  surface  under  resistance 
of  local  inertia.  This  is  altogether  independent  of  the  causes  pre- 
viously shown  of  the  general  cohesion  of  the  water  and  conditions  of 
its  surface. 

d.  If  the  principles  of  rolling  contact  were  possible  in  all  cases 
to  be  fully  developed  in  the  actual  motion  of  fluids,  so  that  they 
suffered  no  restraint  from  interference  in  their  active  motive  forms 
in  a  universally  jointed  system,  as  that  I  propose;  a  running  stream 
of  water  would  be  always  projected  at  some  intermediate  space 
between  the  banks  transverse  to  the  direction  of  the  current  This 
we  know  as  an  absolute  fact  does  not  occur;  as  in  the  stream  we 
have  the  complication  of  cohesion,  resistance,  and  motive  inertia  of 
all  parts  of  the  system,  so  that  all  the  evidence  of  rolling  contact 
left  observable  is  that  the  surface  system  moves  at  the  higher  velo- 
city in  the  central  area,  stillness  reigns  near  the  banks,  and  in  some 
cases  there  is  a  slow  retrograde  motion  at  the  banks. 

^.  As  a  general  fact,  motions  within  fluid  systems  have  commonly 
little  power  to  complete  direct  lines  of  impression  of  forces,  so  as  to 
become  outwardly  evident,  either  singly  or  by  simple  resultants,  such 
as  we  witness  generally  with  solids.  This  arises  principally  from 
the  mobility  of  their  parts  having  power  to  engender  systems  of 
accommodation  for  the  impressed  forces  impossible  in  more  rigid 
matter.  The  loss  of  completion  of  motive  effects  or  forces  are 
often,  however,  made  evident  through  transference  of  motive  force 
from  particle  to  particle,  with  small  local  displacements,  which  every 
fluid  permits.  The  same  continuity  of  impressions  being  also  evi- 
dent in  the  principles  of  disintegration  of  primitive  force  by  resistant 
surface,  which  permits  by  dis-continuity  of  a  small  part  of  the  mass 
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!1  material  loss  of  velocity  in  a  residual  part.  The.se  principles  of 
motion  offer  modes  of  projection  of  forces,  more  frictionless  for  fluids 
underanymovementsagainst  resistance,  than  is  possible  to  be  engen- 
dered in  solid  systems  moving  equal  weights.  I  may  further  observe, 
that  as  rolling  motions  become  restrained,  by  insufficiency  of  area  to 
complete  their  curvilinear  paths,  the  frictional  resistances  increase,  as 
we  find  in  comparing  the  resistances  of  pipes  where  the  fluid  motion 
is  cramped,  with  that  of  open  conduits,  where  one  surface  is  free.  In 
the  one  case,  the  water  has  no  opportunity  to  move  freely  upon  the 
resistant  surface,  or,  as  it  were,  to  ride  upon  the  motion  of  rolling 
contact  engendered  by  the  flowing  force;  in  the  other  case  it  has 
thisfreedom.     To  this  matter  I  shall  return. 

/  In  this  chapter  I  have  only  endeavoured  to  point  out  principles 
of  motions  of  rolling  contact  for  fluids  upon  surfaces  of  resistance. 
These  may  be  taken  as  cases  only,  for  it  is  quite  certain  to  me  that 
the  modes  of  rolling  contact  may  take  place  also  in  other  forms 
than  those  discussed ;  but  if  fluids  are  considered,  as  here  proposed, 
« infinitely  jointed  systems  of  matter,  we  may  then  have  every 
possible  mode  of  motion,  and  of  accommodation  for  motion  in  them, 
and  forces  impressed  will  be  deflected  by  every  possible  directive 
influence  that  offers  at  any  instant  of  time  less  motive  friction  for 
tie  volume  of  matter  displaced;  some  principles  of  which  I  will 
■>ow  proceed  to  consider  in  relation  to  head  resistances. 
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as  quite  exceptional,  that  the  areas  of  impression  and  resistance  are 
equal.  Thus,  in  the  cases  of  oceanic  and  aerial  projections,  the 
areas  of  impulsion  by  which  currents  are  formed,  are  frequently 
(ocal,  whereas  the  resistances,  acting  in  an  extensive  cohesive  fluid 
are  wide-spread,  the  motive  effects  observable  being  also  consistent 
with  this.  The  same  conditions  commonly  occur  in  the  practice  of  . 
hydraulics  where  outlets  and  inlets  are  small  compared  with  the 
bulk  of  liquid  upon  which  they  act;  and  the  same  principle  will  be 
active  in  the  projection  of  solids  in  extensive  liquids,  as  in  the  pro- 
jection of  ships,  as  I  will  endeavour  hereafter  to  show.  Upon  these 
considerations  it  appears  to  me,  that  if  we  obtain  a  clear  conception 
of  the  projection  of  a  unit  of  fluid  matter  in  an  extensive  fluid,  this 
vj]\  tsiabliah  the /orm  0/ _fiuie^  projection  that  .occurs  in  nearly  all 
the  cases  that  we  can  imagine  to  be  actual,  even  as  I  find  in  close 
areas  or  in  pipes.  I  will  therefore  endeavour  to  follow  this  matter 
into  all  the  detail  that  my  powers  can  suggest. 

i-  For  this  research  it  will  be  convenient  in  the  present  chapter 
todiscuss,  at  first,  the  conditions  of  the  directive  action  of  surround- 
ing pressures  in  a  fluid  system  upon  one  of  its  particles  in  equili- 
hrium.  Some  conditions  of  this  have  been  already  partly  discussed 
in  considering  the  action  of  directive  pressures  towards  a  hole  in 
•he  bottom  of  a  vessel,  30  prop,  c,  page  94,  wherein  the  position  of 
the  hole  was  taken  to  be  the  point  of  least  resistance  of  the  liquid 
system.  In  the  following  propositions  I  will  endeavour  to  show 
that  similar  conditions  hold  good  for  the  directive  pressures  that 
support  the  .f^(7^iirtr^«7iMw»«  of  a  particle  in  an  open  fluid,  and  in  fur- 
ther propositions,  to  show  that  similar  conditions  hold  for  the  forces 
in  "totive  equilibrium  of  tJie  particle  also,  although  by  the  motions 
induced,  the  lateral  directive  pressures  will  be  deflected  according 
toother  conditions  to  be  hereafter  considered. 

57.  Proposition:  TItat  the  pressures  of  surrounding  particles  in 
^fiitid  about  any  single  particle,  that  secure  its  equilibrium,  are  active 
f^  that  particle  in  inverse  proportion  to  the  squares  of  their  distances 

fimit. 

«.  Let  the  dot  in  the  centre  of  the  figure  above  represent  a  small 

pOition  of  a  liquid  that  we  will  term  a  particle.     Let  this  particle 

IB*  upon  a  free  surface,  or  upon  any  horizontal  plane  below  the 

^    'Wfc      Now,  by  known  laws  of  hydrostatic  pressures,  such  a 

%  frill  be  pressed  by  direct  force  on  every  side  equally  by  the 
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fluid  so  as  to  be  on  no  side  free  to  move.     Iq  Uiesc 
It  received  by  one  particle  is  communicated  to  the  next. 
e  pressure  to  tlie  next,  and  so  on.     The  pressures  may 
assumed  to  extend  by  sequential  action  indefinitely,  or 

g.  M.— Diagram  gf  HorLnmtal  rrM5uns  ibojt  n  PaHido  \b  a  Liquid. 

:tent  of  the  fluid,  and  wil!,  by  their  united  forces  taken 
mtal  plane,  for  instance,  secure  the  horizontal  equiJi- 

particle.  Now,  as  this  particle  receives  only  the  same 
Lire  as  any  other  particle  in  the  fluid,  it  is  quite  clear 
ssures  of  other  particles,  that  is,  the  entire  amount  of 
ire  that  they  are  able  to  communicate  to  the  particle 

diminish  rapidly  with  the  distance,  or  inversely,  as  the 
ressing  particles  increase;  and  as  all  the  pressures  of 
2S,  so  far  as  they  can  aft'ect  this  special  particle  taken. 
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icie  in  a  fluid  mass  from  the  surface  downwards,  sup- 
pojinf  no  special  condition  for  the  surface  density;  then  we  find 
that  as  the  particle  is  supported  at  the  liquid  surface  against  the 
force  of  gravitation  acting  upon  it,  upheld  by  al!  surrounding  pres- 
sures in  the  liquid,  that  take  itheir  directive  lines  towards  it:  these 
pressures  may  therefore  be  as  before,  represented  by  the  spaces  be- 
tueen  the  lines  radially  directed  to  the  particle,  as  shown  in  the 
illustration.  Fig.  69,  and  the  pressures  being  equal  to  the  weight  of 
the  particle  will  insure  its  vertical  equilibrium  in  equation  with  the 
action  of  gravitation  in  the  system. 

c.  By  the  same  principle  we  may  conclude  that  if  the  particle 
sdected  were  beneath  the  surface,  as  in  the  illustration.  Fig.  70 
beloft-,  that  every  surrounding  pressure  above  the  particle  would  also 
act  radially  upon  it,  for  such  distances  as  the  radii  could  be  assumed 
to  extend  as  active  forces. 


\\i/// 


Fig.  70. — Dugnun  of  Preuurci  about  a  Pankle  al  a  depth  id  a  Liquid. 

li-  We  may  also  observe  that  if,  instead  of  taking  a  particle  only 
of  the  fluid  mass,  we  had  taken  a  certain  unit  mass  within  the  fluid, 
"Mil  or  large,  that  the  sum  of  all  the  surrounding  forces  or  pres- 
ses would  be  equal  fier  area  to  that  upon  the  surface  of  the  particle 
only  that  we  have  selected,  and  that  these  forces  or  pressures  might 
*fiectively  be  assumed  to  be  directed  radially  to  the  unit  mass  as 
■e  previously  considered  them  to  be  directed  to  the  particle  only. 

6  We  may  further  observe  that  these  pressures  are  quantities  of 
"ite  that  can  be  measured  exactly  by  the  forces  of  gravitation,  or 
lythe  mechanical  forces  required  to  resist  them;  as,  for  instance, 
w  pressures  upon  the  sides  of  a  ship  may  be  ascertained  entire,  or 
WK  upon  any  unit  of  area  of  its  surface  below  the  water  line,  by 
■dUnown  hydrostatic  laws  that  are  commonly  applied  to  fluid 
*>wres,  the  conditions  of  which  we  need  not  follow  here. 

^In  taking  areas  of  surrounding  pressures,  it  might  be  thought 

OteM  pressures  could  equally  well  in  theory  be  represented  by 

■iiirected  to  the  selected  particle,  whose  static  conditions 
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considered.     This  could  not  be ;  for,  if  we  gave  to  the  ■ 
ny  possible  parallel  dimensions,  they  would  crowd  near  1 
and  to  reach  it  must  be  conceived  to  be  reduced  to  1 
which  is  the  same  as  the  conditions  proposed.     Fur-  1 
tdial  lines,  if  extended  to  any  great  distance  with  any  1 
d  and  parallel  dimensions,  would  leave  inactive  inter-  1 
xistencc  of  which  is  contrary  to  known  laws  of  hydro-    | 
crefore,    any  pressure  communicated   to  a  particle  is 
n  all  the  stirrounding  press^trcs  in  the  medium,  and 
total  pressure  upon  the  particle  is  only  a  unit  quantity 
to  its  size  in  the  general  system  of  pressures,  yet  all 
fluid  matter  may  be  assumed  to  impress  force  upon 
in  inverse  ratio  to  the  square  of  its  distance,  as  before 
This  pressure  can  only  be  represented  for  any  single 
smctrically.  by  a  conic  area  extending  from  the  particle 
if  a  cone  at  any  distance,  the  pressure  at  the  base  being 
active  pressing  force  to  the  resistance  at  the  vertex, 
s  the  equilibrium  of  the  particle. 

DSITION :    That  the  m<n-cment  of  a  particle  in  a  fluid 
ting  particles,  will  cause  the  compression  of  a  conic  area 
n  front,  the  deflection  of  conic  areas  of  lateral  particles, 
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area  of  resistance,  by  compensations,  the  pressures  become  hydro- 
static pressures  derived  from  direct  radial  ones.  Otherwise,  if  it 
were  pos^ble  for  force  to  proceed  in  concrete  matter  in  direct  lines, 
a  small  percussion,  delined  as  it  was  by  Galileo  as  infinite  force, 
would  puncture  a  hole  or  produce  a  dent  through  any  solid  mass, 
bovever  dense,  that  is,  if  the  force  impressed  also  exceeded  the 
molecular  elasticity  in  the  direct  line  of  impression. 

i.  Under  the  above  conditions  nevertheless,  we  need  not  suppose 
the  movement  of  a  particle  in  a  fluid  for  a  small  distance  to  require 
a  force  to  move  it  much  greater  than  its  inertia  in  equilibrium,  and 
even  for  lai^er  movements,  the  backward  pressures,  by  the  conditions 
(f  equilibrium,  will  have,  as  hydrodynamic  pressures,  equivalent 
value  to  the  forward  ones.  These  backward  pressures  being  also 
tiieorettcally  derived  from  conic  areas  of  surrounding  pressures; 
they  will,  however,  not  be  free  to  act  instantly  beyond  the  small 
value  of  the  static  elasticity  of  the  fluid.  Therefore  all  forward 
movements  will  cause  a  certain  amount  of  forward  compression, 
■tich  the  general  system  of  the  fluid  must  accommodate  for  the 
particle  to  move;  and  all  backward  parts  of  the  fluid  will  receive 
acertain  amount  of  rarefaction,  which  will  act  as  a  force  of  traction 
on  the  following  parts,  to  reduce  the  amount  of  the  following 
pressures  to  equilibrium;  if  the  elastic  pressures  act  inversely  equal 
to  the  tractional  forces  which  cause  the  relative  rarefactions. 

e.  For  the  conditions  of  direct  front  or  conical  resistance'  to  pro- 
jectile fluid  conflned  to  a  small  area  we  have  these  conditions  con- 
sidered by  Newton,  for  one  case,  which  he  takes  negatively  only,  in 
the  second  book  o{  ihe  Principia,  prop.  xli. — "That  a  pressure  is  not 
fr^gated  in  direct  lines  unless  the  particles  lay  in  these  lines."  As 
idiysically  considered,  fluids  are  homogeneous;  there  are  no  direct 
fines  except  such  as  may  be  assumed  hypothetically.  Therefore 
die  proposition  taken  in  a  positive  sense,  as  a  law  of  conic  resist- 
ance would  apparently  meet  all  cases  of  fluid  projections  and  forms 
of  resistance  within  the  fluid.  Upon  the  above  conditions  we  may 
tdie  it  for  granted  that,  as  the  first  impact  of  a  moving  force  in  a 
irid  will  engender  a  compression  in  a  direct  line  in  front  of  the 
■ifRBsion,  and  that  in  the  resisting  fluid  every  side  of  such  direct 
faof  resisting  matter  will  be  supported  by  the  entire  surrounding 
*Vtter,  so  also,  we  can  imagine  that  the  cohesive  system  in  front 

I  atooce  exert  its  force  through  a  cone  of  hydrostatic  pressure 
•■  txb  is  merely  a  line  of  superior  resistance,  not  the  entire 
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Jnd  that  every  circumscribed  cone  of  matter  of  increasing 

■rom  this  direct  line  will  offer  some  resistance  {or  that  pro- 

I  the  sine  of  the  angle  that  it  takes  to  the  lineal  direction 

in).     Upon  this  principle  we  find  that  any  imaginable 

c  area  of  resistance,  as  it  c>;tends  outwards  from  the 

iirect  forward  cone,  will  take  a  constantly  diminishing 

Iresistance  with  increase  of  divergence.   Therefore  if  the 

Bter,  making  a  direct  projection  has  such  a  system  that  it 

livision,  the  divided  parts  unll  be  less  resisted  upon  the 

of  such  a  cone  than  in  the  direct  axial  line  of  it,  where- 

ion,  therefore  tlie  resistance,  is  greatest. 

Irthcr  consider  the  impressed  force  as  embodied  in  matter* 

its  innate  force,  after  impression,  by  the  first  law  of~ 

.-  directly  forward  over  equal  spaces  in  equal  times, 

.  is  resisted  or  deflected  by  other  forces,  we  may  con- 

■^  the  resistance  to  impression  will  be  greatest  in  the  axis 

ird  cone  impressed,  that  the  impressed  force,  if  fre^ 

I'flccted  from  this  superior  resistance  to  any  path  of  less 

1  to  it. 

made  out  the  above  conditions  for  the  motive  equi- 
[  particle  in  a  fluid,  it  was  clear  to  me  that  in  any  small 
■-.  the  area  of  direct  head  resistance  could 
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Uieral  parts.      Thinking  that  some  evidence  of  this  motive  form 
(rf  resistance  to  direct  motion  in  a  homogeneous  system  might  be 


observed  from  inertia  alone,  in  equal  quantities  of  matter  surround- 
ing a  point,  I  made  the  following  experiment. 

g.  I  drew  out  a  length  of  leaden  wire  of  about  ■o<5  of  an  inch  in 
diameter,  and  cut  this  into  equal  lengths  of  about  2  inches.  I  placed 
tbe  ends  of  all  the  wires  together  to  form  a  radiating  star,  and  fixed 
than  in  this  position  by  solder,  upon  the  end  of  a  brass  rod  of  3 
indies  in  length  and  -36  of  an  inch  in  diameter,  so  that  the  rod  was 
perpendicular  to  the  plane  of  the  leaden  star.  Now  placing  the 
star  on  a  smooth  plane,  with  the  rod  vertical  above  it,  I  gave  the 
rod  a  few  taps  horizontally  with  a  light  hammer  near  its  point  of 
union  with  the  star.    The  inertia  of  the  lead  was  thus  overcome  in 
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•  Burner  that  it  formed  a  figure  as  shown  above;  in  which  we  may 

<l*iic  that  the  radial  directions  in  front  A',  remain  in  the  same 

h. ^Aioiis  as  before  the  experiment  but  that  the  lateral  parts  are  all 

f  4l|(Cted  by  the  resistance  of  the  inertia  of  the  lead  to  parabolic 

In   this   experiment,   by   measurement   afterwards,    I 

diat  the  directly  forward  parts  were  shortened,  indicating 

mpression,  and   that   tbe   backward   parts   were  equally 

Vrefore  indicating  rarefaction,  as  might  have  been 
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The  lateral  parts  in  this  experiment  were  crowded 
s  could  not  occur  in  a  fluid  where  every  particle  would 

by  equal  hydrodynamic  pressures,  but  the  deflections 
re  nearly  as  shown,  in  the  previous  theoretical  diagram, 

;  these  theoretical  matters,  I  will  now  endeavour  to 
r  the  motive  conditions  just  considered,  may  be  con- 
he  actual  properties  of  fluid  projection,  particularly  in 
le  proposed  areas  of  conic  head  resistance.     In  this  re- 
strict and  define'  the  conditional  circumstances  of  the 
:tly  as  possible,  to  make  the  matter  clear,  I  will  consider 
ccts  of  unit  projections  first ;  which  will  occupy  the  whole 
cr.    I  will  afterwards  in  the  next  chapter,  consider  ther 
'  continuity  of  fluid  projection.     This  division  will  sim- 
tL-r,  as  the  motive  effects  are  much  more  easily  observed 
ctions;  and  these  observations  will  lead  us,  I  hope,  to 
stimate  of  forces  in  fluids  moving  upon  like  principles 
.  motions,  where  some  of  the  links  of  evidence  disappear 
absorption  of  actual  effects.   To  render  demonstrations 
jssible,  I  will  first  consider  the  impression  of  unit  forces 
1  small  areas  of  extensive  resistance  in  homogeneous 
ig  myself  of  the  conditions  proposed,  2  art.  c,  page  5. 
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,e  of  fracture  derived  from  a  percussion  will  be  perfect  if  the 
area  of  contact  is  infinitely  small;  but  as  all  bodies  must  have  sen- 
siNc  area,  actually  the  point  of  impact  will  be  of  this  area,  and  of  so 
much  greater  area  as  the  instant  deflection  of  the  surface  of  the  body 
makii^  impact  brings  other  parts  contiguous  to  the  area  of  contact 
into  percussionary  action  upon  the  resistant  mass. 

e.  In  the  case  here  taken,  the  active  conditions  of  the  homogeneous 
matter,  assumed  to  surround  the  point  of  contact,  are  those  of  equal 
inertia  and  general  cohesion,  other  forces  or  pressures  being  neglected. 
These  conditions  may  be  shown  by  the  following  dis^am: — 


Let  a  force  be  impressed  in  the  direction  of  the  arrow  shown 
above,  in  the  diagram.  Fig.  73,  acting  upon  a  homogeneous  system  of 
matter;  then  will  the  impressed  force  engender  a  cone  of  resistance 
in  the  homc^eneous  mass  by  principles  discussed,  58  prop.  If  this 
impression  be  made  in  a  space  of  time  which  is  too  small  for  the 
impressed  mass  to  diffuse  the  force  as  a  general  pressure,  then,  we 
jhall  by  the  above  principles,  have  a  cone  of  matter  separated  from 
Ac  general  mass  in  the  direction  of  radial  forces  within  the  cone,  in 
JOch  a  plane  as  the  cohesion  of  the  system  can  be  overcome.  For 
ftoi  separation  a  fracture  will  be  made  that  will  circumscribe  the 
■aas  of  the  cone,  if  lie  general  surrounding  homogeneous  matter 
Ruts  by  its  inertia  only,  and  has  insuf!icient  cohesive  force  to  hold 
ill  mass  tf^ether  during  the  impression  of  the  percussion. 

i.  We  may  also  imagine  that  if  the  cohesion  of  the  system  is  great 
noa^  to  resist  the  fracture  shown  in  the  case  discussed  above, 
W  tint  the  fluidity  of  the  system  is  of  so  mobile  a  nature  as  to  be 
iqpuwible  of  fracture  under  the  circumstances,  that  by  the  same 
I  of  motion  a  tensile  strain  in  the  fluid  system  will  be 
I  isk  ttie  same  mscribing  conic  plane  that  the  fracture  would 
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1  in  a  more  rigid  system.     Therefore  the  h'ne  U  B'  in 
will  be  either  a  line  of  fracture  if  the  system  is  r^d, 
strain  if  the  system  does  not  permit  fracture  by  want 
It  will  be  convenient  to  defer  experimental  dcmon- 
his  proposition  until  some  other  conditions  are  con- 
1  the  conditions  of  a  fracture  are  not  met  by  it. 

siTION:  That  a  fluid  or  komogen<:ous  system  of  matter 
'h  a  force  sufficient  to  separate  a  conic  mass  of  its  matttr, 
''(traiion  by  tlu  inertia  and  cohesion  of  the  entire  surround- 
'  so  far  as  the  resisting  parts  are  in  radial  direction  for- 
•  Ileal  direction  oftlte  point  impressed,  at  angles  inelittcd  to 
:f  motion  of  less  titan  go°.    If  the  impressed  force  Frac- 
lass  from  the  general  mass,  this  fractnre  occurs  where  the 
ression  and  resistance  produce  the  greatest  strain.      The 
I  after  separation  forms  an  annular  system  whose  in- 
-■  conoidal. 

revious  proposition  I  have  assumed  the  mass  of  homo- 
ter  that  was  impressed  with  the  force,  at  the  time, 
;il   to  its  influence,   or  as  representing  inertia   only. 
ill  in  this  matter,  by  the  laws  that  Newton  has  so  ably 
1,  that  the  force  which  we  recognize  as  a  motion  is  but 
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may  be  assumed  to  be  supported  on  all  sides  by  a  conoid  of  the 
suiToundii^  matter,  which  resists  the  instant  force  beyond  that  part 
which  is  impressed  by  it,  and  is  thus  rendered  motive,  in  the  same 
manner  that  we  assume  that  the  cone  that  received  the  impressed 
force,  was  supported  by  the  resistance  of  the  matter  surrounding 
its  axis.  This  may  be  rendered  clear  by  the  diagram  below  repre- 
senting impressed  force  acting  upon  a  homogeneous  system  of  matter, 
in  section  through  its  mass.  I  ofifer  at  the  same  time  definitions  of 
the  parts  of  the  system,  to  make  the  motive  principles  more  clear 
for  subsequent  consideration  in  this  work. 


1^  A  represent  a  body  impressing  a  percussionary  force  in  the 
direction  of  the  arrow  central  to  the  horizontal  plane  D  D'. 

A  C  C.  The  conic  area  impressed  by  the  force  upon  a  mass  whose 
inertia  and  resistance  of  cohesion  are  overcome  by  it.  This  part 
(A  C  C")  to  be  hereafter  termed  the  cone  0/  impression. 

ADD,  AD'  D'.  Sections  of  a  ring  conoid  of  matter  surround- 
ing the  cone  of  impression  which  retains  its  position  during  the 
'Hipression  of  the  percussionary  force,  hereafter  to  be  termed  t/te 
"*«^  of persistion. 

A  B,  A  B'.  A  narrow  vacuous  plane,  which  is  opened  between  the 
one  of  impression  and  the  conoid  of  persistion  described  above,  if 
'^  impressed  force  is  sufficient  to  fracture  the  system  of  matter, 
"lis  plane  of /ra^ft/rif  will  be  hereafter  termed  Xhs  plane  0/ in/rac- 
^>>^0[  the  cone  of  infraction  of  the  homogeneous  system. 

fc  I  have  felt  it  convenient  to  coin  a  word  for  this,  I  believe,  new 
"■MTntion  of  the  motive  effects  of  impression  of  forces  in  homo- 
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Tis  of  matter  and  fluids.    I  named  DAD'D'D  origtn- 
bersistmce ;  but  I  found,  as  I  progressed  in  my  woric, 
m   became   more   and    more    inconsistent   with    the 
idered  in  experiments,  so  that  I  found  it  convenient 
ts  present  form,  as  the  persistence  is  not  absolute  but 
his  conoid  can   only  be  conceived   as  a  volume  of 
Iter  residuary  persistence  than  other  parts  of  the  sys- 
■  first  impression  of  a  force.     I  therefore,  to  make  the 
quivalent  to  the  other  parts  of  the  system,  term  it  a 
istion,  meaning   thereby  a  conoid  of  imperfect  per- 
;  continuity  of  the  active  impression. 

or  plane  of  in/raclion,   occurs  in  that  part  of   the 
Dgeneous  system  or  fluid  exactly  where  the  conoid  of 
insufficient  force  of  cohesion  to  withhold  the  resist- 
fluid  against  the  oblique  direction  of  the  active  force 
the  cone  of  impression ;  therefore,  the  fluid  or  other 
system  of  matter  breaks  in  this  plane,  and  forms  the 
action   in  the  material   system,  as  before  discussed. 
;  above  conditions  to  occur  in  ail  cases  of  a  unit  pro- 
mogeneous  matter   upon  an  extensive  mass  of  like 
hould    find   that   if  the  percussion   were   small,  the 
^^lan^^cture^voul^b^ei^MiHMbaMMh^^ 

COMPRESSION.  1/9 


opened  by  the  instant  impression  of  force  upon  a  fluid  or  homoge- 
neous system  of  matter.  The  first  impact  of  such  impression  would 
be  percussitmary ;  but  the  body  making  the  percussion  must  have 
mass  which  will  carry  momentum  after  the  first  impact  upon  the  sur- 
face of  impression.  This  mass  would  therefore,  after  the  first  impact, 
act  by  its  momentum  as  a  compression.  Therefore  we  may  imagine 
that  the  percttssion  will  open  out  a  plane,  which  the  momentum  of 
compression  of  the  following  parts  of  the  mass  will  extend,  assuming 
the  force  sufficient  In  this  manner  the  first  impact  or  percussion, 
and  the  following  momentum  of  compression  would  represent  the 
motive  enei^fy  of  the  entire  projectile  mass. 

b.  Taking  another  condition  of  compression : — Every  body  even  in 
contact  must,  if  it  moves,  commence  to  move;  therefore,  its  first  effort 
of  movement  will  be  infinitely  motive  to  any  body  at  rest  that  can 
resist  it,  so  that  every  compression  at  the  first  instant  of  movement 
will  possess  force  that  is  of  the  character  of  a  percussion,  so  that 
every  body  impressed  by  a  force  will  at  the  first  instant  receive  the 
impression  as  under  percussion,  and  every  body  receiving  a  percus- 
«on  from  any  possible  body  of  matter  will  have  this  followed  by 
a  compression  equal  to  the  residuary  force  necessary  to  complete 
the  entire  momentum  of  the  projectile  after  its  first  instant  of  im- 
pact   This  form  of  compression  that  follows  a  percussion,  I  desire 
now  to  follow  in  its  effect  on  a  fluid  or  homogeneous  system. 

f.  Suppose  a  body  to  strike  normal  to  a  plane  of  matter.  At 
the  instant  of  contact,  percussionary  force  would  be  infinite ;  there- 
fore, if  the  intensity  of  the  impression  exceeded  the  molecular  elas- 
tidty  of  the  system  of  matter,  it  would  strike  out  a  cone  of  matter 
radial  to  its  point  of  contact,  of  a  certain  extent  and  divergence  in 
the  mass.  Then,  as  just  proposed,  the  direct  momentum  of  the  strik- 
ing body  after  its  first  instant  of  impact,  by  its  following  mass,  would 
continue  to  press  its  matter  forward  into  the  impression,  and  the 
matter  in  front  would  be  most  compressed  by  the  force;  so  that  the 
omtinuity  of  the  momentum,  therefore,  of  the  projectile,  if  in  a 
mobile  qrstem  or  a  fluid,  would  move  forward  in  the  resisting 
nedium  in  equation  with  the  resistances  with  diminished  velocity 
to  Oat  of  first  impact,  and  being  more  resbted  in  front  than  in 
tty  other  direction ;  it  would  be  compelled  to  take  a  wider  angle 
ff  tSvergence  into  the  lateral  matter,  wltere  tltere  would  be  less 
t  tkan  in  the  most  compressed  matter  directly  forward  in  the 
s;  or,  in  other  words,  the  impulse  would  be  deflected 
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s  of  impression,  by  composition  with  the  forces  of  direct 
Into  direct  compression, or  of  resistance  engendered  in  tlie 
I  direct  impression  ;  and  the  cone  of  infraction  would  be 
1  its  base,  or  more  distant  parts  from  the  point  of  com- 
Itil  the  resistance  in  the  lateral  parts  became  in  equili- 
■he  impression  by  extension  of  area, 
linciples  of  the  above  may  be  inferred  from  the  diagram 
,  page  173,  where  it  might  be  shown  that  the  first 
Ipact  might  impress  the  forward  cone  only,  but  the  con- 

;  impression  in  a  direct  line  by  the  momentum  of  a 
I  deflect  the  surface  of  the  cone  into  the  lateral  parts;  in 

ward   parts,  except  those   in  direct  axial   line,  would 

r  a  certain  projection,  the  lateral  parts,  and  the  con- 
Bfraction  of  the  cone  would  produce  a  conoid  of  con- 
Iter  divergence.  The  constant  forward  momentum 
lit,  as  it  were,  the  conic  area  impressed. 

:  experimental  evidence  of  the   last  three   propo- 


I  now  endeavour  to  select  cases  that  may  convey  some 
m  evidence  which  may  render  the  conditions  discussed 
[three  propositions   more  clear.     For  the  ex  peri  m  e  ntal 
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s  of  the  impressed  forces  to  diverge  excessively,  as  might  be 
the  case  with  the  cohesive  system  of  some  other  solid  bodies;  as 
for  instance  of  any  of  the  metals,  whose  genera!  open  unequal  crys- 
talline structures  would  permit  them  to  separate  more  easily  in 
certain  directions,  or  to  bend  under  impressed  forces,  in  a  much 
fieater  d^ree  than  is  possible  with  glass,  and  thereby  ease  off  the 
instant  effects  of  the  direct  impression  of  the  projectile  forces  upon 
them;  so  that  the  cone  of  impression  would  become  a  conoid. 

f.  If  wc  take  a  disc  of  stout  plate-glass,  of  say  from  half  an  inch  to 
an  indiin  thickness,  and  strike  this  with  a  light  pointed  instrument,  or, 
what  is  more  convenient,  allow  a  solid  ball  of  metal  to  fall  upon  it 
with  moderate  velocity  (the  circumstances  of  the  velocity  of  impact 
niaybewithinwiderange),aconoidof  the  glass  will  be  projected  from 
thebackof  the  disc,  and  this  conoid  will  give  the  outline  ofthefi/afie 
o/  infraction  for  glass,  under  the  force  impressed,  as  it  obviously 
occurs  in  this  body  where  the  conoid  of  impression  breaks  off  from  the 
coneid  of  persistion  that  supports  the  surface,  where  the  cohesion  of 
the  particles  of  the  glass  are  unable  to  resist  the  strain. 


Fig.  73-  Conoid  projcclcd  From  a  Square  of  GlaH, 

A.  The  above  illustration  of  the  experimental  effects  described 
abovewas  made  by  Mr.  CoUings  from  a  conoid  projected  from  a  sheet 
of  plate-glass  three-eighths  of  an  inch  thick,  by  dropping  a  stone 
nurbie  of  half  an  inch  in  diameter  from  an  altitude  of  seven  feet 
upon  the  plate  of  glass.  The  glass  was  bedded  with  putty  in  a 
wooden  frame,  as  a  pane  of  glass  in  a  window,  and  was  placed  hori- 
zontally to  receive  the  percussion.  The  conoid  was  preserved  by 
pasting  a  sheet  of  tissue  paper  under  the  surface  of  the  glass  before 
commencing  the  experiment. 

£  In  the  above  experiment  the  conoid  of  impression  was  fractured 
ly  tbe  strain  into  a  great  many  pieces;  and  although  the  outline 
WIS  d^r,  it  would  have  been  more  satisfactory  to  find  an  experi- 
meat  in  which  the  conoid  could  be  obtained  complete.  This  I  was 
gnUe  to  do.  It  is  also  difficult  to  preserve  the  outline  of  the 
CDaoid  of  persistion  in  thick  glass,  which  would  otherwise  give  a 
•>qA  dealer  demonstration  of  the  conoidal  form  of  fracture,  as  this 
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would  be  mure  free  from  surface  deflection  than  the  thinner  gitg 
taken  above,  in  which  the  deflection,  by  the  elasticity  of  the  systc 
produces  greater  extension  of  tiie  base  of  the  cone  tlian  the  conj 
ditions  of  direct  impression   would  othenvise  permit.     The  bcs 
experiment  that  I  could  make  witli  thick  glass  was  to  fire  a  riA 
bullet  close  to  the  edge  of  a  thick  plate  of  glass  in  such  a  posttioi 
that  the  axis  of  the  cone  could  be  free,  and  that  no  secondary  fra 
tures  could  occur  from  the  excessive  internal  strain.     In  this  case  4 
splinter  of  glass  only  was  obtained,  but  it  was  not  split  up  axiallw 
and  its  form  was  a  nearly  perfect  section  of  the  conoid  of  impre 
sion.     The  illustration  below  shows  a  portion  of  a  conoid  obtainei 
in  this  manner  drawn  from  the  object 


/  Many  will  have  often  ob.served  this  form  of  conoid  of  fracturf 
F"'g-  75.  clearly  cut  out  in  a  London  shop-window  that  has  bcc 
struck  by  a  stone.  A  similar  mode  of  producing  a  conic  hotloif 
is  found  in  mechanics,  in  making  holes  in  roofing  slates  by  a  shai 
instrument  termed  technically  a  saix.  The  hollow  cone  in  the  slal 
forms  the  cavity  in  which  the  head  of  the  slating  nail  aftei 
sinks  so  as  to  leave  no  projection. 

g.  In  all  cases  of  fracture  by  a  unit  mass  of  gla-ss  the  true  a 
infraclion.  as  defined  in  sg  and  6o  prop.,  only  occurs  from  the  cfTeC 
of  the  percussion  or  first  impact  of  impression  at  high  vclociM 
and  does  not  extend  far  into  the  glasa  I  have  found  that  \ 
extends  generally  for  a  distance  not  greater  than  a  quarter  of  a 
inch  from  the  point  of  impact ;  for  the  distance  that  it  extends  fiJ 
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utense  forces  its  plane  is  perfectly  straight  from  base  to  vertex — 
in  fart  a  tnie  cone.  AiTter  this  perfect  cone  is  split  out  by  the 
effect  of  the  percussion,  the  deflected  conoid  follows  for  the 
continuity  of  the  force  of  projection  in  the  projectile  by  its  mo- 
mentum, causing  a  compression,  as  before  stated  (61  prop.).  In  these 
percussion  cones,  I  have  found  that  the  angle  of  infraction  was 
approximately  persistent  through  many  experiments,  for  the  same 
quality  and  density  of  glass,  under  some  considerable  variations  in 
the  projectile  force  used.  The  percussion  angles  to  the  direction  of 
impulse  of  the  cones  at  the  vertices,  being  for, — 

t  indi  piftte-glass, 33° 

i 24° 

i   „       ..  w 

The  variations  under  different  circumstances  being  one  or  two 
d^ees.  As  my  researches  were  for  qualities  of  motions,  as  before 
stated,  not  for  quantities,  I  did  not  extend  these  experiments 
farther  than  a  few  experiments. 

h.  The  following  diagram  will  represent  the  theoretical  separ- 
ation of  the  effects  of  percussion  from  those  of  compression  in  the 
fracture  plane  of  a  plate  of  glass  of  one  inch  in  thickness. 


A  to  B  represents  a  cone  of  impression  by  percussionary  force 
inflicted  normal  to  the  plane  A  on  the  vertex  of  the  cone  (S9 
|irop.).  B  to  C  conoid  of  impression  as  it  would  be  derived  from 
compression  simply  (€1  prop.),  after  the  percussion  plane  is  opened. 
Tins  form  will  be  better  demonstrated  by  the  infraction  planes  of 
free  fluids  further  on. 

i  The  angle  shown  at  B  is  theoretical,  as  is  also  the  outline  of 
Ike  entire  conoid  of  impression  B  to  C.  Actually  the  plane  of 
a  will  have  a  directive  influence  for  the  continuity  of  impres- 
^  M  that  the  one  direction  will  generally  merge  into  the  other 
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by  compensation,  which  will  make  the  plane  of  fracture  form- 
ing the  conoid  of  impression  of  a  somewhat  conchoidal  form, 
particularly  when  the  percussion  that  opens  the  infraction  plane  is 
very  small.  The  conoid  of  impression,  by  continuity  of  infraction, 
becomes  a  volute,  as  I  shall  hereafter  show,  but  the  cohesion  of  the 
glass  would  of  bourse  resist  the  complete  formation  of  such  a  form. 

j.  In  any  case  the  compression  of  the  conoid  of  impression  will 
react  as  a  hydrostatic  pressure  in  extending  the  angle  at  the  base 
of  the  cone  if  this  be  possible  through  the  mobility  of  the  material 
system.  In  glass,  hydrostatic  pressure  would  be  difficult  to  ima- 
gine, so  that  in  this  body  the  conditions  may  be  considered  under 
another  form,  which  is  only  somewhat  equivalent  If  glass  is  im- 
pressed with  a  velocity-force  sufficient  to  fracture  it  either  by  open- 
ing a  plane  of  infraction  by  a  percussion  or  otherwise,  the  fracture 
takes  a  direction  in  the  mass  in  a  conic  plane  where  the  cohesive 
force  of  the  glass  is  most  strained  at  the  instant  The  compression 
conserves  the  elastic  force,  and  this  conserved  elasticity  supports 
the  cohesion  about  the  axis  of  impression  and  drives  the  fracture 
outwards  into  the  contiguous  mass,  where  the  matter  is  not  com- 
pressed. This  compels  the  fracture  to  take  a  more  extended  area, 
and  tends  to  open  the  conoid  into  a  bell-mouthed  shape  of  con- 
choidal outline. 

k.  By  the  internal  compression  also  in  the  axial  line,  the  cone  of 
impression  in  glass  is  split  up  into  radial  segments  extending  in 
direct  planes  from  the  axis,  so  that  there  is  evidently  radial  strain 
from  the  compressed  axis  of  the  cone,  together  with  circumferential 
tensile  strain  upon  the  cone  or  conoid. 

63.  Secondary  plane  of  infraction  for  homogeneous  matter. 

I  have  found  that  in  using  stout  glass,  a  secondary  plane  of  infrac- 
tion may  be  formed  within  the  compression  area  of  the  ejected  cone. 
This  occurs  only  when  the  projectile  impinges  against  the  glass  in 
the  same  manner  as  in  the  previous  experiment,  but  with  greater 
velocity.  For  instance  if  a  ball  of  iron  one  inch  in  diameter  fall 
twenty  feet  upon  a  piece  of  glass  one  inch  thick ;  in  this  case  the 
ejected  cone  of  impression  produced  by  the  impact  will  not  be  split 
up  radially  to  its  axis,  but  a  secondary  plane  of  fracture  will  be 
formed  within  the  conoid  of  impression,  which  will  prevent  the  radial 
lines  of  compressed  matter  reaching  from  the  fractured  circum- 
ference up  to  the  axis  of  the  cone.  This  secondary  plane  of 
fracture  is  caused  by  the  elasticity  of  the  glass  being  insufficiently 
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ictWelo  bend  or  crowd  its  particles  together  under  the  impression 
i/die  direct  force,  or  to  do  so  with  sufficient  velocity  forward  of  the 
point  of  impact  to  permit  radial  fractures  to  proceed  up  to  the 
rential  line;  ihcrcrforc  the  impressed  force  opens  out  a  secondary 
plioc  where  the  strain  of  central  deflection  is  greatest  upon  the 
cone  of  impression.  This  only  so  far  concerns  us.  in  relation  to 
fluid  motions,  as  showing  the  strain  lines  in  a  rigid  homogeneous 
^yHtm  under  percnssion.  But  the  experiment  is  very  interesting 
ID  Itielf.  and  the  phenomenon  is  curious.  The  form  of  the 
ttoniiary  plane  has  a  very  beautiful  outline,  appearing  as  in 
Ihc  illustratton  Fig.  78.  as  a  classical  vase.  This  form,  perfect 
Of  imperfect.  Is  produced   under  many  nearly  similar  conditions. 

ilistinijui.^hcs  the  pcrcussionary  from  the  compressilc  plane.  The 
illuantion  is  taken  from  the  original  object  by  Mr.  Collings,  The 
■"^tletl  lines  represent  continuity  of  the  plane  of  infraction.  Fur- 
s'Jcmonstrations  of  the  last  propositions  applied  to  fluids,  will 
d  in  others  forward, 

c  Resistance  in  Fluids. 

■-  Pkoi'osniuN ;  //  a  small  unit  mass  of  fluid  malUr  bt  pro- 

^apon  a  large  mass  of  static  fluid  '^'ith  great  velocity,  the  impact  of 

\ss  will  Fracture  tlu  static  fluid  in  a  conoidal  platu,  as 

«*f  tlu  previous  experiments  for  homogenams  matter.     The  pro- 

i  by  the  continuity  of  the  momentum  of  compression  of  its 

H  the  resistance  of  the  cone  of  impression,  will  by  its  momentum. 

If  itself  into  the  fracture  opened  by  the  percussion. 

■-Sappose  it  to  be  possible  to  make  a  fracture  in  a  fluid,  of  exactly 

ksamc  kind  as  that  demonstrated  for  gia.ss,  in  the  previous  cxperi- 

plla,  and  that  tliis  fracture  were  made  by  the  velocity-force  of  the 

sofa  bodyposscssing  fluid  properties;  then  if  the  percussion 
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had  opened  out  a  plane  of  infraction,  the  further  momentum  in  tbc 
projectile  fluid  mass  would  suffer  little  resistance  to  oppose  its  enta 
ing  in  the  open  space  thus  formed.     Further,  as  upon  the  cotu  i 
impression  (A,  C,  C,  Fig.  74,  page  177)  great  compression  from  t 
momentum  of  the  projected  mass  would  exist  for  the  instant,  t 
would  be,  as  before  shown,  great  resistance  to  oppose  the  continuiM 
of  the  projectile  motion  in  a  direct  line.     Therefore  we  may  < 
elude  that  if  we  had  impressed  the  unit  force  with  a  liquid  I 
as  the  parts  of  this  could  easily  separate,  that  the  projected  liquid.1 
would  open  out  at  the  point  of  percussion  and  enter  the  space  0 
the  cone  of  infraction   in  the  resisting  liquid.     For  this  condidoi 
we  may  further  imagine  that  the  plane  of  infraction  need  not  I 
one  absolutely  opened  as  one  of  no  matter,  or  vacuous  space,  J 
yet  it  would   in  all  cases  be  the  line  of  least  resistance  to  ) 
momentum  of  the  projectile,  by  the  tensile  strain  or  minus  resistaiK 
that  the  strain  upon  its  cohesion  would  engender  in  this  plane. 

b.  The  demonstration  of  absolute  fracture  of  a  fluid  is  no  doubt  ' 
difficult,  from  the  fact  that  in  a  very  short  space  of  time  the  sur- 
rounding pressures  and  conservations  of  elastic  forces  near  the  com- 
pressed parts,  would,  ifany  possible  fracture  were  produced,  (illuptlits 
fracture  instantly,  or  in  less  time  than  the  eye  could  detect  movement 
The  demonstration  of  this  principle  of  fracture  is  nevertheless  vcrv_ 
important  in  order  to  establish  the  past  propositions,  and  foro 
future  investigation,  and  it  may  be  taken  under  several  conditioi 
some  of  which  will  be  followed  for  smaller  forces  in  subseqoi 
propositions,  the  aggregate  of  which,  by  experiments,  I  hope  nvajl 
possibly  give  theoretical  certainty  to  this  principle  of  fluid  motioi 

as  1  have  observed  it  in  many  more  experiments  than  I  can  [ 
sibly  give  without  great  extension  of  the  subject 

c.  Taking  for  experimental  demonstration  for  the  conditions  e 
this  proposition,  a  force  impressed  by  a  small  unit  of  liquid  < 
homogeneous  matter,  with  very  great  velocity  upon  the  surface  oTi 
mass  of  liquid;  wcmay  in  this  case  assume  that  if  the  vclocitj- of  tl 
projectile  were  such  that  any  ttwivmattj  of  {^rts  of  the  liquid  a 
themselves  could  not  occur  during  the  time  of  the  impression  i 
the  force,  tliat  the  liquid  would  resist  the  impression  -xith  t 
the  same  relative  foree  as  a  solid  of  equal  mass  and  of  equal  itu^i^ 
prcssibility  to  itself;  that  if  the  momentum  of  the  force,  comp* 
the  extensive  liquid  to  leas  volume,  directly  in  front  of  the  impi 
sion,  and  we  assume  no  time  for  movement  of  the  parts  exterior  t 
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the  compression,  a  c&nic  fracture  must  occur  about  the  compressed 
parts  in  the  extensive  liquid;  and  the  projected  unit  of  fluid  matter 
would  enter  this  fracture  by  continuity  of  its  momentum  after  the 
fracture  in  the  plane  of  infraction,  that  is  over  the  conoid  of  impression 
formed  by  the  projection  or  compression  within  the  liquid  mass. 

d.  For  experimental  evidence  of  the  above  principles,  the  best 
experimental  means  I  could  devise  was  to  take  a  bulk  of  liquid 
for  the  resisting  body,  and  a  plastic  homogeneous  body  that  would 
retain  its  impressed  form  for  the  projectile  fluid  body;  so  that  the 
projectile  should  maintain  the  set  form  of  the  plane  of  infraction 
into  which  it  was  intruded.  Considering  the  density,  and  incom- 
pressibility  of  water,  as  proved  experimentally,  I  determined  to  take 
tUs  for  the  resistant  liquid ;  and  to  try  cold  lead  as  the  plastic  fluid 
for  the  projection  (z  art.  e),  as  I  conceived  lead  would  possess 
sufficient  fluidity,  that  is,  mobility  of  parts,  and  yet  when  the  im- 
pressed force  ceased  to  act,  through  resistance,  sufficiently  to  stop  its 
flow,  it  would  still  maintain  its  set  form  for  subsequent  examination. 
I.  For  this  experiment  I  found  it  necessary  to  construct  a  com- 
plete apparatus  which  I  think  sufficiently  important  to  explain  in 
detail  The  apparatus  consisted  of  a  trough  that  was  made  about 
eight  feet  in  length  and  of  about  nine  inches  in  width  and  depth. 
A  circular  hole  was  cut  in  one  of  the  ends  of  the  trough  at  a  little 
bdow  its  centre,  of  one  and  a  half  inches  in  diameter. 
A  wooden  ring  three-quarters  of  an  inch  thick  was 
tamed  in  a  lathe  to  the  same  internal  diameter  as 
the  hol^  and  of  about  three  and  a  half  inches  ex- 
ternal diameter;  this  was  made  flat  on  both  sides, 
six  small  holes  were  made  round  the  ring  into  which 
^■ood  screws  were  inserted,  and  the  ring  was  then 
screwed  to  the  inside  of  the  trough  over  the  hole. 
Konoving  the  ring  afler  its  position  was  secured,  a 
piece  of  parchment  was  stretched  over  the  inner  sur- 
face of  the  ring  and  attached  to  its  outer  edge  so  as 
to  form  a  drum.  An  ordinary  flat  india-rubber  band, 
■Bch  as  is  used  for  holding  papers,  was  placed  over  the  hole  in 
•lie  end  of  the  trough  inside,  and  the  wooden  ring  was  replaced 
ly  die  screws  with  the  drum  side  next  the  end  of  the  trough. 
b  ttis  manner  the  parchment  drum  formed  a  small  part  of  the 
end  of  the  trough.  The  trough  was  now  placed  quite  horizontally 
■d  nearly  filled  with  water  ready  for  the  experiment. 
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/  Having  procured  an  Enfield  rifle  loaded  with  a  standard  car- 
tridge, which  included  ball  and  gunpowder  in  one  inclosure.  1  had 
this  fired  at  three  yards'  distance  directly  at  the  centre  of  the  parch- 
ment drum  in  tlie  end  of  the  trough,  and  I  afterwards  examined  the 
leaden  ball  to  see  how  far  it  had  followed  in  the  plane  of  infraction, 
that  I  assumed  the  high  velocity  of  the  bullet  would  open  out  in  the 
water;  also  to  discover  how  far  interfering  causes  might  have  affected 
my  theoretical  deductions;  but  I  found  the  lead  so  clearly  injected 
into  the  plane  of  infraction,  that  I  feel  justified  in  giving  the 
whole  circumstances  in  connection  with  this  experiment. 

g.  I  may  premise  that  in  the  experiment  the  hole  in  the  end  of' 
the  trough  had  inadvertently  been  made  rather  too  low  to  get  quite: 
fair  resistance  from  the  mass  of  water,  and  the  trough  was  made 
of  rather  too  thin  wood,  three-quarters  of  an  inch  only,  so  that  tt 
gave  way  under  the  side  compression  upon  the  water  to  the  force 
of  the  bullet;  from  which  I  estimate  that  the  resistance  was  rather 
less  than  would  have  occurred,  under  the  conditions  and  dimensions 
given  above,  if  the  experiment  had  been  conducted  with  a  little 
more  care.  It  nevertheless  gave  a  very  correct  idea  of  the  form  of' 
resistance,  argued  from  my  previous  conception  of  the  subject,  so, 
that  I  did  not  feel  it  necessary  to  repeat  the  experiment,  which 
would  have  required  a  new  trough,  and  waste  of  my  time.  I  think, 
however,  that  the  matter  is  important  as  showing  a  principle  of, 
resistance  for  liquids,  such  as  would  not  be  generally  anticipated 
except  upon  the  theories  of  fluid  matter  I  have  offered. 

h.  For  the  details  of  this  experiment.  First  as  regards  the  leaden  > 
bullet,  which  represents  our  projectile  fluid ;  a  full-size  section  of  this ' 
is  shown  in  the  engraving  Fig,  80,  This  form  hap-i 
pcncd  to  be  extremely  well  adapted  to  exhibit  the 
W'.cx.  of  fluid  percussion  and  resistance  in  several  par-' 
.  iilars.  Its  form  being  nearly  parabolic,  it  makes  itS' 
[:i.n:ussion  upon  the  resisting  body,  in  this  case,  the: 
parchment  drum  backed  by  the  water,  within  a  small! 
area  of  contact.  The  point  of  impact  being  at  the! 
same  time  well  supported  by  its  parabolic  form.  It  is 
'^'*,~^  "T?^!.""     also  adapted   by  its  section   to   permit   the   resistant 

of  Enfieid  Rifli  '^  '  ' 

BuiL«.  cone  0/  imprfssion  to  be  well  developed  in  the  water,  as 

it  is  not  so  solid  at  the  apex  as  to  be  entirely  indefiect- 
gble  and  thereby  to  cause  a  splitting  of  the  water  in  a  di 
as  1  afterwards  discovered  would  be  the  case  with  a  hardened 
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itt;  there  being  an  air  chamber  at  the  back  of  the  point  of  the 
kidcn  bullet,  that  permits  the  possibility  of  some  deflection,  which 
wemay  take  to  be  equivalent  to  certain  functions  of  fluid  mobility, 
irithin  the  projectile,  which  will  be  important  for  future  considera- 

in. 

i.  We  may  imagine  that  the  bullet  as  it  strikes  the  water  is  affected 
in  the  following  manner;— Upon  first  contact  the  apex  of  the  para- 
Wic  shot  opens  out  a  plane  of  infraction  in  the  forward  water. 


of  Conuci  af  Biillrl 


Theformof  this  infraction  is  shown  diagrammatically  in  the  engrav- 
"Ig  above  at  C,  C.  The  whole  metal  of  the  shot  after  this  instant  is 
tobodied  in  a  compression  upon  principles  discussed,  6i  prop.,  and 
"  urged  forward  with  its  initial  mass  velocity.  The  percussion 
^Kiiig  of  infinite  force  to  the  water  at  rest,  the  metal  of  the  bullet 
is  compelled  to  open  out  its  mass  and  follow  in  the  plane  of  infrac- 
tion as  that  of  least  resistance.  Therefore  the  lead  _^<nvs  down  the 
fitifaa  of  the  cone  of  impression  in  the  resistant  water  as  a  simple 
Maslic  liquid  would;  the  point  of  the  shot  being  stretched  out  to 
CORT  the  base  of  the  cone,  as  far  as  is  possible  for  the  cohesive 
fialities  of  the  lead  to  do  so,  and  the  lead  retains  the  form  of  the 
cOKof  infraction  into  which  it  is  injected;  this  process  being  no 
linfat  facilitated  by  the  softening  of  the  lead  by  heat  engendered 
I7  the  impact 

j-  The  lead  as  it  is  at  first  projected  in  the  plane  of  infraction 

ttf  be  assumed  to  cover  the  cone  of  impression  only  to  its  vertex, 

Im  n  the  force  derived  from  the  momentum  of  the  bullet  in  this 

VMction  is  greater  than  the  resistance  of  the  cohesive  force  of  the 

of  which  it  is  formed,  it  leaves  the  vertex  of  the  cone  and  flows 

■DOie  distance  towards  the  open  infracted  base.    At  this  point 

[pdiinent,  the  lead  having  become  very  thin,  it  separates 
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generally  into  live  or  six  segments  over  the  cone  of  impression,  a 
in   this  segmental   condition,  its   form   remains   fixed    for   futurq 
examination.      In   repeating    this   experiment,   it   will    be    foui 
convenient  to  colour  the  point  of  tiie  bullet  with  a  Utile  venniliol 
in  shellac  varnish,  and  allow  it  to  dry,  for  the  purpose  of  putting  t 
s^ments  together  in  proper  order  to  form  the  complete  mould  a 
the  plane  of  infrgction   after  the  experiment.     The  point  of  thl 
bullet  which  is  coloured  red,  of  course  forms  the  outer  circumfer 
encc  of  the  conoid,  as  it  is  found  at  the  conclusion  of  the  experimci 
k.  After  the  direct  action  of  the  conic  resistance  is  complete  i 
the  water,  there  is  a  small  residual  force  in  the  bullet,  and  a  certaill 


time  for  fluid  accommodation  has  now  been  given  to  the  water,  s 
that  the  bullet  follows  a  parabolic  course  to  the  bottom  of  t 
trough,  and  remains  at  from  six  to  nine  inches  from  the  parcbmci 
drum,  where  the  segments  may  be  found. 

I.  The  section  of  the  bullet  as  it  would  be  at  the  time  it  i 
resisted  by  the  perfect  cone  of  impression  would  be  as  shown  hat 


size  by  the  dark  section  in  Fig.  83 ;  the  plane  of  infracCtoa  bdnl 
shown  open  in  front  for  its  further  projection. 

'n.  The  momentum  of  the  backward  parts  of  the  shot  would  in  i 


CONIC  DEFLECTION  IN  FLUIDS. 


191 


bile  sy-stcin  suffer  less  resistknce  than  the  point  of  contact;  there- 

;  the  continuity  of  this  momentum  would  further  compress  the 

oid.  so  tliat  in  the  next  instant  the  projection  would  be  as  in  the 

Irk  part  of  the  engraving.  Fig.  83. 

i  M,  By  further  continuity  of  the  same  mode  of  force,  the  outward 

Aection  of  the  conoid  of  impression  by  the  great  momentum  of  the 


f\g.  (4.— Diagram— SeciLoB  of  Projeciion  of  Bulk!.  Final  Projcclion. 

erectile  after  the  first  instant  would  react  and  attain  a  descending 

force,  and  the  projectile  would   be  finally  set  in  the  form  repre- 

hcnted  in  section.  Fig.  S4,  above ;  the  bullet  not  having  sufficient 

Stic  extensibility  to  continue  further  in  the  deflected  plane  of 

nfraction. 

'.  The  exact  appearance  of  the  identical  bullet  here  described 
^ith  its  s^mcnts  carefully  laid  together  in  their  set  forms,  was  drawn 


rm  Si—E^—Leti  Uiilln 


on  wood,  full  size  from  the  object,  by  Mr.  Ceilings  the  able  artist, 
*ho  has  illustrated  many  of  these  pages,  the  section  being  as  repre- 
icnlctl  in  Fig.  84.     The  central  object  in  Fig.  85  is  the  diaphragm 
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which  is  more  perfectly  resisted,  so  that  it  does  not 
Ihange  its   form.     The  outer  edge  of  the  shot   in    th^ 
.,  the  part  that  previously  formed  the  pointed  end  in 
rihot,  has  the  lead  rolled  up  to  a  certain  extent,  tho 
Iwhich  I   shall   more  clearly  show  by  the  motions  of 
is,  under  somewhat  equivalent  conditions,  further  on. 
Jnparison  of  resistance  of  water  with  some  other  bodies 
ct  of  an  Enfield  rifle  bullet,  it  may  be  well  to  mention 
ur   volunteers'  musketry  instructions   which 
■nished  to  me  by  a  friend.     The  initial  velocity  of  the 
fcullet  used  for  this  experiment  is  said  to  be  about  1260 
liid.    Its  extreme  trajectory  about  3CXX)  yards  in  air.   At 
I  has  force  to  penetrate  7  inches  of  elm  plank,  or  about 
I  dry  fir  timber.     At  200  yards  it  will  penetrate  an  iron 
inch  thick.     It  would  possibly  enter  not  more  than  an 
Ir  at  a  distance  of  10  yards. 

I  above  experimental  results  the  phenomena  described 
[  for  our  purposes  to  cease  at  the  instant  that  the  bullet 
I  percussion  has  intruded  itself  into  the  resisting  mass 
.  set  form,  that  is,  at  the  instant  of  complete  projection. 
pny  phenomena  of  reflex  actions  occur.  Therefore  at 
e  consider  the  water  left  with  all  the  compressions  of 
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61.  PROPOSITION:  That  in  the  projection  of  a  small  fiuid  mass  at 
mail  velocity  into  an  extensive  like  fluid;  the  impression  of  the  small 
foKc  will  engender  a  conic  plane  of  tension  in  tlie  extensive  fluid,  by 
maits  of  which,  the  projectile  fltiid  will  enter  hy  its  direct  momeHtum; 
Odspkne  of  tension  being  to  t/te  projectile  fluid  tlie  path  of  least  resist- 
ma.  The  conic  plane  of  tension  produced  by  this  means  will  resetnble 
Ik  plane  of  infraction  produced  by  more  active  forces. 

a.  If  we  accept  the  theoretical  conclusions  arrived  at  in  the  last 
lom  propositions,  that  a  fofcc  impressed  with  any  velocity  upon  a 
higemass  will  open  out  a  plane  of  infraction  into  which  the  projected 
8uid  will  be  intruded.  Then  in  the  case  of  smaller  velocities,  to  which 
this  proposition  points,  the  impression  of  a  small  mass  of  fluid  may 
be  taken  to  be  insufficient  to  absolutely  open  such  a  plane,  except  at 
the  point  of  impact,  as  before  mentioned.  But  in  this  case  if  the 
momentum  of  the  small  mass  is  only  sufficient  after  this  first 
opening  to  continue  the  projection  upon  the  cone  of  impression, 
fliere  will  be  engendered  about  this  cone  a  plane  of  tension  where 
a  superior  force  would  have  fractured  the  fluid,  and  this  plane  will 
be  that  of  least  resistance  to  the  direct  momentum  of  the  projectile 
ftwce  in  the  small  unit  of  fluid  projected ;  so  that  this  plane  of  tension 
will  offer  the  same  conditions  for  the  continuity  of  projection  to  the 
sinall  force  that  iheplane  of  infraction,  shown  experimentally  Fig.  75, 
page  iSi,  offi:red  to  a  larger  force  in  more  resistant  matter. 


V 


Fif.  86.— E».— Proi«1 


t  The  demonstration  of  this  proposition  may  be  obtained  by  the 
c^Mriment  of  dropping,  slowly,  drops  of  a  soluble  coloured  liquid 
^on  a  snooth  surface  of  water  in  a  shallow  dish  or  other  vessel. 
Aeoolomcd  liquid  may  be  ink,  milk,  carmine,  or  other.    A  single 


194  PROPERTIES  AND  MOTIONS  OF  FLUIDS. 

drop  may  be  projected  from  a  dropping  tube,  or  a  point  as  that  of 
a  quilt  pen.  When  the  drop  falls  upon  the  liquid  surface  it  is 
observed  to  separate  as  it  enters  and  to  form  a  ring.  The  appearance 
being  e.xactly  as  though  a  solid  conoid  of  resistant  matter  existed 
under  the  liquid  surface  upon  the  vertex  of  -which  the  drop  falls. 
The  vertex  of  the  invisible  conoid  appears  to  pierce  the  drop  so  that 
henceforth  it  continues  to  glide  down  the  surface  of  the  cone  to 
the  bottom  of  the  vessel.  Upon  furtlier  refinement  wc  find  that 
other  conditions  occur  in  the  motion  of  the  ring  besides  its  direct 
projection,  but  the  above  gives  tlie  first  appearance. 

(-,  The  explanation  of  these  phenomena  is  generally  given  by 
philosophers  as  active  upon  entirely  different  principles  to  those 
now  offered.  In  assuming  properties  of  axial  forces  which  arc 
described  as  vortex  motions.  I  do  not  object  in  any  way  to  the 
term  vortex,  but  I  shall  find  it  convenient  in  these  pages  to  avoid  it, 
in  that,  this  term  has  sometimes  been  applied  to  mystical  and 
unmechanical  theoretical  systems  of  motion,  from  Descartes  down- 
wards. Whereas  all  mechanical  motions  of  matter  are  to  my  mind 
simple  and  direct,  and  in  the  cases  in  which  I  shall  discuss  these 
vortex  motions  they  are  very  clearly  only  deflections,  by  resistance, 
after  the  manner  of  ordinary  elastic  reflections,  following  known, 
and  with  care,  easily  demonstrable  physical  laws. 

66.  Proposition:  That  the  principles  of  motion  engendered  in 
mass  of  fluid  impressed  by  a  small  unit  of  projected  fluid,  wilt  be  also 
relatively  and  proportionally  engendered  within  tlte  smaller  projected 
fluid  unit.  That  the  cones  of  impression  and  infraction  in  the  two 
fluid  bodies  will  be  brought  in  opposition  upon  contact,  and  act  in  art 
inverse  direction  tlte  one  to  tlte  other,  subject  to  tlte  conditions  of  the 
relative  freedom  of  tlte  masses  from  surrounding  forces. 

a.  That  the  projectile  unit  in  the  last  experiment  should  be  subject 
to  the  same  principle  of  action  of  motive  forces  within  it,  as  a  lai^r 
mass,  might  be  inferred,  but  the  conditions  found  in  its  motive  parts 
render  several  particulars  of  the  forms,  that  the  motive  parts  assume 
different  from  those  observed  in  the  projection  in  the  larger  masses. 
The  general  condition  of  the  above  proposition  will  be  best  discussed 
upon  experiment. 

b.  If  we  let  a  drop  of  water  coloured  witli  soluble  colouring  matter 
fall  for  six  inches,  as  in  the  last  experiment,  upon  a  still  surface 
of  water  contained  in  a  vessel  two  or  three  inches  deep,  tlie  drop 
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(Bet  contact  upon  the  surface  will  be  partially  reflected  and  will 
pirtially  enter  the  liquid.  The  part  entering  will  divide  upon  the 
conoid  of  impression  incipiently  formed  by  principles  already  dis- 
DBsed,  and  by  this  division  form  a  ring  of  the  coloured  water, 
»iich  will  glide  slowly  down  the  cone  of  impression,  being  at  the 
ame  time  resisted  by  the  conoid  of  pcrsistion.  The  principles  of 
Ac  above  may  be  shown  most  clearly  by  a  diagram  as  follows. 


Let  the  following  parts  of  Fig.  87,  represent  the  drop  system 
«Mnpletely. 

Ato  A'.  The  line  of  projection  of  the  force,  in  this  case  engendered 
ty  tile  attraction  of  gravitation  simply, 
BB'.  The  h'quid  surface  or  plane  of  resistance  to  first  impact 
C.  A  projectile  ring. 

^D.  Conoid  of  persistion  extending  from  FB  and  FB'  on 
citiier  side  to  the  axis  A  A'. 

££.  Cone  of  impression  extending  to  the  point  of  impact  of  the 
''Kip  under  * 

FF.  Cone  of  infraction,  the  plane  of  greatest  elastic  tension  in 
^ikh  the  projectile  drop  moves  with  the  least  resistance,  shown  by 
Pirallel  spaces  F  E  on  both  sides  of  the  diagram. 

•—Inverted  cone  of  impression  within  the  drop,  the  part  which  is 

Rflccted  by  the  release  of  the  instant  compression  after  contact,  by 

mctioo  of  elasticity,  at  the  point  of  impression  of  its  own  cone, 

villi  dut  erf'  the  vertex  of  the  cone  of  impression,  directly  under  it 

*4*->Tlie  part  of  tlie  drop  whose  momentum  is  maintained  after 
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in  the  plane  of  infraction  in  the  drop.    This  part  enters 

I  the  plane  of  least  resistance  {cone  of  infraction)  as  a 
is  shown  as  an  after  phenomenon  projected  down  the 
■ession  at  C. 

II  be  seen  that  this  part  of  the  drop  does  not  make  percus- 
e  water  surface  direct  enough  to  enter  the  cone,   I  antici- 
i.s  part  generally  adheres  to  the  water  surface,  and  that 
:he  drop  bb  are  emptied  out,  as  it  were,  by  the  jerk  of  the 
jpon  contact  of  the  drop  leaving  the  portion  dd,  which 
eflection  by  central  resistance,  oblique  momentum,  so 
biy  passes  under  and  towards  the  centre  and  adheres  to 

drop,  if  the  drop  system  is  not  very  cohesive ;  or  it  may 
:  part  is  carried  in  witli  bb;   but  I  will  return  to  this 
c  it  can  be  made  more  clear  by  other  phenomena  yet  to 
:d.    The  conditions  of  the  above  principles  will  be  some- 
d  by  the  cohesion  of  the  drop,  a  larger  ring  being  gener- 
:d  if  the  colouring  matter  has  greater  viscosity,  as  for 
;h  drops  of  milk,  or  of  ink  from  the  mucilage  this  last 
Vith  very  weak  projections  also  of  viscous  matter  nearly 
rop  appears  to  be  drawn  into  the  cone  of  infraction. 
ion  of  the  meeting   of  the   two  cones   of  impression 

'ROJECTILE   ROTATION.  lg7 

d  to  rotate  upon  itself  consistejtt  with  the  forces  of  acceleration 
OK  one  side  and  the  resistances  it  etuounters  on  tlie  other. 

fl.  The  projection  of  a  unit  of  fluid  has  been  shown  to  engender  a 
cone  of  compressed  fluid,  in  a  like  resisting  extensive  fluid  by  pre- 
vious demonstrations.  To  effect  this  compression  in  the  cone  im- 
pressed, a  certain  motion  in  the  direction  of  the  projection  of  the 
unit  is  communicated  to  the  cone,  so  that,  as  the  cone  of  impression 
does  not  perfectly  resist  the  compression,  it  becomes  a  motive  com- 
Pmsien,  and  the  cone  of  impression  becomes  exteriorly  thereby  a 
certain  active  force,  moving  downwards  from  the  vertex  of  the  cone. 
b.  Now  as  the  projected  unit,  making  percussion  or  compression 
upcBi  the  conic  area  of  resistance,  is  deflected  from  its  direct  course, 
this  deflection  by  pressure  upon  the  conic  area  of  resistance  accumu- 
lates its  direct  force  upon  the  plane  of  this  cone,  and  accelerates  by 
hydrostatic  pressure  the  deflected  fluid  upon  it;  as  fully  demon- 
strated in  the  conditions  of  deflection  by  resistance  shown  40 
prop,  by  experience  b  and  d. 

c  The  conoid  of  persistion  is  altogether  less  disturbed  by  the  im- 
pression of  a  unit  projection  than  the  cone  of  impression,  which  is 
broken  off,  as  it  were,  from  the  active  part  of  the  system  at  the  in- 
stant of  impact,  so  that  the  conoid  of  persistion  remains  during  the 
Injection  down  the  cone  of  impression  in  a  rigid  state,  therefore  the 
projected  fluid  of  the  drop  or  other  unit  enters  the  plane  of  infraction 
*t  nearly  its  initial  velocity,  and  being  deflected  by  the  resistance  of 
tbeconeof  impression,  cumulates  its  clastic  force  (by  the  conditions 
Wore  alluded  to  in  40  prop.),  and  is  accelerated  upon  the  plane  of 
the  cone  of  impression,  and  retarded  upon  the  more  rigid  conoid 
of  persistion ;  so  that  the  injected  fluid,  as  before  stated,  is  rotated 
by  tangential  action  upon  its  axes  of  inertia  normal  to  these 
l^anes,  in  proportion  to  the  conservation  of  elastic  forces,  from  the 
deflected  projection  on  one  side  and  resistance  on  the  other. 

d.  Upon  these  principles  the  following  diagram  will  represent  the 
lection  of  such  a  system  which  by  its  rotational  forces  takes  the 
fcnn  of  a  rotating  ring.  The  short  arrows  showing  the  direction  of 
Qotive  forces  in  the  system.  The  exterior  long  arrows  represent- 
kg  the  inertia  of  the  conoid  of  persistion  as  active  but  not  in  this 
(He  as  motive  The  interior  long  arrows  representing  the  forces 
cf  acceleration  by  cumulative  elasticity  by  deflection  of  resistance 
^m  the  cone  of  impression.  The  velocity  of  projection  of  the  ring 
^4fin^  as  the  velocity  of  motion  of  rolling  contact  upon  the  conoid 
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of  persistion ;  but  as  the  ring  continues  its  projection  the  surface  of 
this  conoid  is  induced  to  take  the  same  direction  of  motion  as  the 
ring  in  contact,  and  the  surface  resistance  to  rotation  of  the  ring 
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becomes  less.  At  the  same  time  the  direction  of  motion  induced  by 
the  ring  upon  the  plane  of  the  conoid  of  persistion  causes  this  plane 
to  become  less  static,  and  the  rotational  force  of  the  ring  to  act  less 
thereby  as  a  projectile  force  by  rolling  contact,  proportionally  as 
it  maintains  its  rotation  upon  the  axis  of  inertia  of  every  radial 
s^ment  So  that  its  projection  is  more  limited  in  time  than  its 
induced  rotation.  The  rotary  system  of  a  drop  is  somewhat  in 
excess  of  the  causes  here  given,  from  the  fact  that  the  drop,  before 
contact  upon  the  liquid  surface,  is  necessarily  a  rotary  system,  the 
conditions  of  which  will  be  hereafter  considered. 

e.  Experiments  of  projecting  units  of  coloured  fluids  to  form 
rings  have  been  discussed  for  a  long  period,  the  earliest  I  have  met 
with  are  those  of  the  projection  of  phosphuretted  hydrogen  gas  both 


in  air  and  in  water.  The  most  elegant  methods  we  possess  were 
those  devised  for  air,  by  Professor  Tait,  and  for  water,  by  Professor 
O.  Reynolds.    These  experiments  I  will  briefly  describe. 
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/  Prof.  Tail's  experiment,  which  has  priority,  but  the  or^nal 
Tiption  of  which  I  have  not  been  fortunate  enough  to  discover, 
consists  of  an  apparatus  constructed  out  of  an  empty  tea-chest  with- 
out a  lid,  with  a  circular  hole  of  three  or  four  inches  diameter  cut  in 
the  centre  of  the  bottom.  The  open  top  of  the  chest  is  covered  over 
with  a  piece  of  canvas  which  is  stretched  as  a  drum-head  by  neatly 
tacking  it  round  with  tin  tacks  over  the  edges.  The  tea-chest  is 
then  turned  down  sideways.  Two  holes  being  made  at  a  short 
distance  apart  in  one  of  the  sides  of  the  chest  and  the  beaks  of  two 
small  retorts  inserted  in  the  holes.  The  retorts  are  supported  on 
stands  with  a  small  Bunsen  burner  or  spirit-lamp  under  each;  hydro- 
chloric acid  being  placed  in  one  of  the  retorts,  and  liquid  ammonia 
in  the  other.  As  soon  as  the  vapours  arise  from  these  fluids  and 
enter  the  chest  they  form  a  white  cloud  of  ammonia- chloride. 
^Vhen  the  chest  is  chained  with  cloud,  if  the  canvas  drum  be  struck 
with  the  hand  a  beautiful  ring  will  be  ejected  into  the  air,  which 
will  proceed  for  ten  feet  or  more;  or  the  canvas  may  be  struck  so 
softly  that  the  ring  will  move  very  slowly  for  a  short  distance  and 
its  motion  of  involution  may  be  very  clearly  observed.  The  ex- 
periment is  alt<^ether  a  very  beautiful  one. 

/.  In  the  above  experiment  the  vertex  of  the  cone  of  impression 
is  of  course  within  the  c/iest,  and  near  to  the  canvas  where  the  direct 
impulse  of  percussion  is  made.  The  projection  of  a  ring  in  this 
nianner  from  a  large  aperture  in  the  chest  is  much  greater  than  it 
would  be  in  an  open  fluid,  from  the  perfect  support  the  conoid  of 
pcrsistion  receives  by  the  end  of  the  chest  in  which  the  hole  is  made, 
as  discussed  in  principle  paragraph  d  above. 

h.  In  Professor  O,  Reynolds'  experiment  *  a  long  tank  about  8 
feet  by  2  feet  by  2  feet,  writh  glass  sides,  solid  ends  and  bottom,  is  con- 
structed. In  one  of  the  ends  a  circular  hole  is  made  about  i  %  inches 
in  diameter,  in  which  is  inserted  the  neck  of  a  large  tin  funnel,  and  the 
joint  made  water-tight.  A  piece  of  sheet  india-rubber  is  tied  tightly 
wer  the  outward  larger  end  of  the  funnel,  A  small  pipe  leads  into 
the  funnel  to  conduct  colouring  matter  to  the  interior.  The  appar- 
Vtxa  thus  prepared  is  filled  with  water,  and  the  liquid  colouring 
Batter  introduced  into  the  funnel.  If  the  funnel  be  now  struck 
iriQi  the  hand,  a  ring  of  coloured  water  will  dart  from  the  hole  along 

*.I  m  iadcbted,  lo  Hr.  J.  Cottcell  of  the   Royal   Institution  for  this  description. 
fiNC  O.  Beynoldi'  paper,  Me  Precttdmgs  Royal  laifitutien,  toL  viii.,  part  iiL,  No.  66, 


20O  PROPERTIES   AND   MOTIONS   OF   FLUIDS. 

the  entire  length  of  the  trough,  enlarging  as  it  goes,  with  very  beait 
tiful  effect 

I.  The  above  experiments  bear  relation  to  the  drop  experimei 
discussed,  but  the  cone  of  impression  having  less  resistant  t 
the  angle  of  the  cone  deviates  less  from  tlie  direction  of  its  axis. 

j.  In  air  and  water  every  ring  takes  the  direction  of  the  impulsn 
which  forms  it.     Thus  for  instance,  a  ring  may  be  directed  in  t 
water  either  to  the  top,  bottom,  or  sides  of  the  tank. 

k.  The  expansion  of  the  ring  becomes  greater  as  the  resistance  o 
the  cone  of  impression  is  greater,  relatively  to  the  velocity  of  impres-V 
sion,  as  seen  in  the  expansion  of  drop  rings;  thus  it  is  possible  t 
project  one  ring  by  a  slight  impulse  slowly  in  air  or  water  so  thai 
it  expands  and  comes  nearly  to  rest  at  a  short  distance,  and  ther 
to  project  another  ring  with  greater  velocity,  therefore  less  diver- 
gence, through  the  first  one. 

68.  Proposition:  If  a  liquid  of  unit  mass  be  projected  with  a  a 
tain  velocity  within  an  extensive  liquid  of  tlie  same  kind  near 
surface,  a  ring  will  be  formed  as  in  the  last  proposition  which  will  i 
deflected  to  tlic  surface  by  the  minus  resistance  upon  its  top  side.    Sud 
ring  for  the  part  that  protrudes  above  the  mrface  will  be  cut  off  by  (fu 
aerial  plane  and  have  this  part  of  its  force  dissipated  in  surfactM 
mo/ions.   But  the  parts  that  remain  in  tlie  liquid  will  have  tluirfon 
conserved  and  will  develop  two  spirals  of  the  projectile  fluid  upc 
surface  tliat  will  demonstrate  by  the  motive  directions  the  inter 
forces  present  in  the  perfect  ring  system. 

a.  Not  having  heard  of  Prof.  O,  Reynolds'  experiments  at  thef 
time  I  was  experimenting  myself,  I  made  an  apparatus  to  project! 
liquids  which  gave  very  inferior  results  to  those  given  in  the  last! 
proposition  //;  but  as  I  had  not  handled  an  apparatus  of  the  kind  dc- 1 


scribed  and  had  the  engravmg  made  (tig.  90)  of  my  own  apparatus  j 
before  I  had  heard  of  it,  I  therefore  offer  a  brief  description  for  J 
the  sake  of  desc;-ibing  other  experiments  that  I  made  with  it 
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i.  Taking   a   trough  made  of  inch  deal,   lined  with  zinc,  such 

IS  is  made  cheaply  by  any  packing-case  maker  for  the  export  of 

goods,  of  the  following  dimensions,  9  feet  in  length,  18  inches  in 

width,  and  14  inches  depth ;  into  one  of  the  ends  of  this  trough  at 

about  the  centre,  I  inserted  a  syringe  which  was  made  of  a  piece  of 

j-inch  brass  pipe.     The  syringe  was  placed  vertically  and  a  pipe  of 

the  same  size   led  horizontally  into  the  trough;  the  syringe  had 

s  valve  at  the  bottom  by  which  it  could  be  filled  upon  raising  the 

plunger.      The  engraving,   Fig.   90,  will   sufficiently  illustrate  the 

apparatus.     During  the  filling  of  the  syringe  with  coloured  water 

2  cork  was  temporarily  placed  in  the  hole  from  the  inside  of  the 

trough;  after  the  cork  was  removed,  by  pressing  the  plunger  a  ring 

could  be  projected  for  two  or  three  feet.     I  made  the  apparatus  at 

firet  to  investigate  the  mode  of  motion  for  the  projection  of  rings 

i™  water,  which  I  hoped  to  be  able  to  follow  more  visibly  than  in 

frof.  Tait's  beautiful  experiment  just  described,  as  I  had  previously 

found  that  experiments  of  the  projection  in  gases,  could  generally 

be  reproduced  in  liquids,  and  vice  versa. 

The  best  means  that  I  could  find  experimentally  to  discover  the 
principle  of  action  of  motive  forces  in  projectile  rings,  was  by 
devising  means  for  making  sections  of  such  rings  visible.  This  I 
effected  in  the  following  manner  by  the  above-described  apparatus. 
After  stopping  the  hole  in  the  plunging  apparatus  leading  into 
flie  trough,  with  a  cork,  the  trough  was  placed  horizontally  and 
piUtly  filled  with  clear  water  to  a  height  of  about  an  inch  to  an 
inch  and  a  half  above  the  hole.  The  syringe  described  was  then 
fitled  with  coloured  water.  In  the  experiment,  the  cork  being 
'wnoved,  and  a  sharp  percussion  made  by  the  palm  of  the  hand  on 
the  plunger  of  the  syringe,  a  coloured  ring  was  projected  in  the 
*ater.  As  this  was  projected  in  this  experiment  intentionally  near  the 
lirfaee,  the  resistance  to  the  projection  of  the  ring  being  thus  less 
Wthe  upper  side,  the  ring  broke  through  the  surface  and  its  upper 
put  was  dissipated  in  surface  motions,  but  the  submei^ed  portion 
Continued  by  the  continuity  of  resistances  about  it  At  the  line  cut 
I?  the  surface  plane  of  the  water,  the  internal  motions  of  the 
PiDJected  liquid  ring  could  be  very  fairly  made  out, 
c  In  the  above  experiment  the  ring,  as  it  is  projected,  will  show 
■  O  its  section  evidence  of  whirling  motion,  in  the  same  direction  as 
ftrt  given  in  Fig.  88,  page  198,  as  also  in  the  axis  of  the  ring 
4ffe  it  is  cut  through  in  two  opposite  sections,  at  the  aerial  plane 
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%  prop.}.  In  this  case  the  cone  of  impression  might  not  inappro- 
priately be  represented  by  a  cone  of  tapering  poles  standing  verti- 
cally upon  a  smooth  plana  With  these  it  is  certain  that  any 
directly  vertical  pressure  upon  the  vertex  of  the  cone  where  all  the 
poles  are  supposed  to  meet  would  only  engender  a  compression  in 
Uie  central  vertical  pole,  but  that  in  other  poles  a  pressure  on  the 
end  would  engender  less  compression  as  it  would  be  impressed 
obliquely  on  the  plane.  Therefore,  at  a  less  angle  to  the  resistance 
these  oblique  poles  would  be  more  unstable,  and  where  the  angle 
WIS  much  less  than  90°  they  would  have  a  tendency  to  slip  out- 
wards to  an  extended  base  Nevertheless,  a  certain  limited  quantity 
of  central  well-supported  poles  would  offer  immediately  a  consider- 
able resistance.  Upon  the  above  principles  of  action,  in  the 
manner  proposed,  it  will  be  clear  also  that  the  axis  of  any  conic 
system  of  resistance,  fluid  or  other,  might  be  replaced  by  an  immov- 
able solid  or  static  body,  without  any  change  in  tlie  outward 
phenomena,  except  in  the  minus  elasticity  of  a  solid  system. 

i.  It  is  important  that  the  conditions  given  above  should  be  made 
dear  to  our  conception,  inasmuch  as  the  axis  of  motive  resistance 
has  been  assumed  heretofore  to  be  the  line  of  motive  force  in  all 
tertix systems  that  I  have  read  of  in  philosophical  discussions.  Upon 
tile  principles  I  have  endeavoured  to  demonstrate,  such  a  motive 
fOre  would  be  entirely  fatal  to  the,  simply  mechanical,  theory  of 


Tig  91.— Eiu— Wkirt-ringi  pnjinted  oi 


nit  fluid  projection  I  offer.     But  this  matter  will  be  better  cleared 
■pby  the  experiment  shown  in  the  engraving  above. 

Take  a  piece  of  sheet  lead  of  the  size  of  a  penny  piece  and  cover 
ddi  with  white  paper.  Drive  into  the  centre  of  the  lead  on  the 
aHmed  nde  a  pin  with  a  round  or  flat  head.     The  paper  is  used 

■dy  to  reflect  light,  to  be  better  able  to  observe  the  experiment 
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fcce  of  lead  with  the  vertical  pin  upwards  in  the  ccni 

and  fill  the  dish  with  water.  Allow  the  water  to 
Jfectly  still.  If  we  now  let  fall  drops  of  coloured 
Bly  over  the  centre  of  the  pin,  upon  the  surface  of  thi 
J  drops  as  they  fall  will  glide  down  the  cone  of  impress 
le  edge  of  the  pin  without  any  deflection  or  deformation, 
Ihe  pin  were  not  there,  except  that  from  the  greater 
1  pin  olTers,  the  cone  will  have  a  somewhat  more  ex-' 


irof.  Tail's  experiment  (Fig.  8g),  we  place  a  bjlliaid  ] 
I  in  the  axis  of  the  cone  of  impression,  the  ammonia- 


i  will  be  threaded  and  follow  each  other  down  the 
■s  experiment  it  is  necessary  to  project  the  rings  quite 
Tie  direction  of  the  cue,  as  the  interiors  of  the  rings 
mety  small  angle,  about  i  J  to  3  degrees  for  the  entire  J 
■,  and  less  of  course  for  the  axis  of  compression,  theifr  1 
Bquity  would  interfere  with  the  desired  result 

perimcnt  with  the  cue  may  also  be  made  in  Prof. 
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they  will  be  seen  to  pass  uniformly  down  the  same  plane  within  the 
water,  If  this  experiment  be  kept  in  action  for  a  quarter  of  an  hour, 
it  may  be  observed,  that  throughout  the  whole  time  tlie  cone  of  im- 
pression will  remain  quite  clear  transparent  water,  even  until  the 


'dAeU  cetitents  of  the  vessel  is  tinted  by  the  soluble  dye  except  this 

[      cone.    The  spot  directly  under  the  cone  will  also  remain  perfectly 

I      colourless,  showing  that  there  is  no  circulation  in  the  axial  part  of 

i     titt  system  even  by  solution.     In  this  experiment  drop  will  follow 

[     dnp  and  each  arrive  as  a  ring  at  the  extended  base  of  the  conoid  of 

^     impression.    Every  drop  will  remain  separated  from  the  following 

;     one  and  be  pushed  out  further  by  it,  so  that  after  a  time  ten  or 

twelve  beautiful  thread-like  rings  will  expand  round  the  base  of 

the  cone  and  have  a  very  pretty  appearance  (Fig.  94). 

/  In  the  above  experiment  it  is  not  inferred  that  one  cone  of 

impression  remains  throughout  the  experiment    This  is  of  course 

le-formed  by  the  projection  of  every  drop,  but  the  perfect  freedom 

from  motion  that  exists  in  the  axis  and  immediately  surrounding 

conic  parts,  re-forms  the  cone  at  every  impression,  out  of  the  same 

water  as  the  cone  was  at  first  formed.    When  the  dropping  ceases, 

tbe  cone  of  impression  slowly  moves  downwards,  and  falls  to  equi- 

Qxiiun  with  the  mass,  leaving  a  clearer  spot  than  that  in  other  parts 

df  die  water  as  before  stated. 


n*  Proposition:  T/te  projection  of  a  small  unit  or  drop  of  liquid 
m  m  Skt  li^id  wUl  not  intrude  itself  into  a  plane  of  infraction  unless 
dv  vAdty  of  projection  is  sufficient  to  separate  the  cohesion  of  the 
i  unit  or  drt^  on  the  vertex  of  t/te  cone  of  impression. 
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■iropositiOEt   is   intended   to   show  the   limits   of  conic 

5scd  in  previous  propositions  in  slow  projections. 
Biquid  must  possess  a  certain  force  of  cohesion,  other- 
brop  would  not  be  globular  (i  i  prop.,  page  30),  and  if 
J  fluid  resists  by  a  cone  of  impression,  as  here  assumed, 
Iprojection  must  overcome  the  cohesion  of  the  projectile 
lit  into  a  ring.  If  the  force  be  not  sufficient  for  this 
let  the  projectile  has  by  any  means  a  force  of  continuity, 
n  of  gravitation,  then  by  the  continuity  of  impression 
;  fluid  the  cohesion  of  the  projectile  fluid  may  finally 
Id  separate  into  a  whir]  system  by  the  force  of  the  conic 
J  Upon  tliis  principle  we  observe  that  there  will  be  con- 
Bhesion  of  a  projectile  fluid  in  a  like  fluid,  and  a  condib'oD 
pration.  This  cohesion  holding  in  two  cases:  i.  When 
;  is  highly  cohesive.  2.  When  the  velocity  of  impression 
Bceed  the  force  necessary  to  open  out  the  projectile  by 
sion  upon  it  In  the  last  case  the  condition  will  only 
y  small  forces,  and  will  be  only  possible  in  the  projec- 
Bhe  resistance  is  in  very  fluid  matter;  this  case  I  wish 

Binditions  of  the  above  (case  2)  may  be  observed  in  die 
J  of  writing  ink  placed  upon  the  surface  of  still 
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Aow  in  the  investigations  of  pipes  and  channels  further  on.  The 
proposition  shows  that  a  certain  impulse  is  always  necessary  to  pro- 
ject a  fluid  to  form  a  cone  of  infraction,  which  is  all  I  wish  here  to 
demonstrate. 

78.  Remarks. 

a.  I  have  thought  that  possibly  there  may  be  for  every  fluid  in  a 
free  space  a  plane  of  easy  conic  fracture  under  the  impression  of  a 
unit  force.  In  this  plane  the  cone  of  infraction  will  be  most  readily 
formed  The  angle  which  such  a  cone  will  take  may  depend  upon 
the  cohesive  force  and  general  physical  state  of  the  fluid  in  which  it 
is  formed,  and  will  only  vary  according  to  the  velocity  of  impression 
of  the  force  in  proportion  to  the  forces  necessary  to  restrain  the  free 
mobility  of  the  fluid. 

Assuming  that  fluids  break  under  strain,  the  cohesion  of  the  fluid 
will  extend  the  strain,  so  that  the  conoid  of  impression  will  take  an 
Mgle  proportional  to  the  cohesive  force  of  the  fluid  or  other  homo- 
geneous matter,  as  previpusly  discussed. 

i-  The  angle  of  divergence  for  easy  fracture  for  free  air  appears 
to  be  by  rough  measurement  of  the  cone  of  impression  in  the  pro- 
jection in  Professor  Tait's  experiment.  Fig.  89,  page  198,  about 
if  d^ees.  This  angle  appears  to  be  maintained  in  the  cone  of  im- 
pression under  the  projection  of  vapour  rings  at  somewhat  varying 
velocities.  As,  for  instance,  that  of  a  gentle  projection  by  a  small 
pressure,  and  that  of  a  smart  blow  upon  the  canvas  drum  described. 
The  smoke-rings  of  course  constantly  enlarge  upon  the  cone  of  im- 
pnssion,  and  the  exterior  divergence  may  thus  vary  in  any  degree; 
so  that  this  relates  to  the  interior  angle  only. 

C.  The  angle  of  divergence  of  the  cone  of  impression  in  water  by 
the  projection  of  a  unit  in  free  space  appears  to  be  approximately 
3^  d^rees  in  Professor  O.  Reynold's  experiments  6y  prop.  ^.  When 
I  tried  it  myself  in  the  small  trough  shown  Fig.  90,  it  was  about  2^ 
dq;rees,  but  I  found  the  influence  of  the  sides  in  supporting  the 
oonoid  of  persistion  very  material,  even  when  the  sides  were  distant, 
so  that  in  a  tank  3  feet  square  the  cone  was  about  2J  degrees.  A 
unit  of  coloured  water  projected  in  a  tank  about  7  feet  square  and 
4  feet  deep,  subtended  as  nearly  as  I  could  measure,  a  somewhat 
greater  angle,  but  in  this  case  there  was  head  resistance  to  the  pro- 
jectkn  in  the  nearness  of  the  bottom  of  the  trough. 
e.  In  Venturi's  experiments,  which  I  will  hereafter  consider,  the 


t  volume  of  a  fluid  is  through  a  conical  tube  of  3  degreea 
these  and  other  experiments  2°  30'  of  arc  as  approxi- 
'rc  is  considerable  difficulty  in  measurements  of  this 
lave  not  followed  the  matter  closely  or  experimented 

my  investigations  qualitative  only,  not  quantitative,  as 
And  I  now  only  suggest  that  the  angle  of  easy  conic 

ars  to  be  nearly  constant  in  some  fluids  at  equal  tem- 

pressure. 

ote  for  anyone  who  may  be  interested  in  this  matter   1 

■nents  of  conic  fracture  should  be  made  upon  the  cone 
as  the  surface  of  this  cone  is  the  only  fairly  invariable 

ystem.    The  contact  of  an  involuting  whirl  ring  carries 

e  cases,  perhaps  in  all,  part  of  the  conoid  of  persistion 

m,  and  thereby  enlarges  its  angle  of  divergence  as 

ter  shown. 

esof  very  weak  conic  tension  when  the  projectile  force 
unit  of  fluid  is  nearly  expended,  so  that  the  cumula- 

e  deflects  the  flowing  force  outwards  by  the  entire 
pression  in  the  cone  of  impression,  and  the  movement 

ovv  that  every  mode  of  accommodation  may  occur  in 

ng  fluid;  then  the  angle  of  divei^ence  of  the  cone 

CHAPTER    VI. 

PRINCIPLES  OF  RESISTANCE  TO  THE  PROJECTION  OF  FLUIDS 
WITHIN  STATIC  OR  OTHERWISE  RESISTING  FLUIDS,  CONSID- 
ERED PARTICULARLY  IN  RELATION  TO  THE  IMPRESSION  OF 
FLOWING   FORCES   AGAINST   HEAD   RESISTANCES, 


Conic  areas  of  resistance  to  flowing  fluids. 

73.  Proposition:  That  projectile  fluids  moving  within  like  fluids 
will  expand  outwards  in  area  of  projection,  until  the  area  of  resist- 
ance equals  in  force  of  elastic  reaction  the  force-value  of  the  area  of 
direct  impression. 

a.  By  force-value  in  the  above  proposition,  I  intend  the  same 
total  amount  of  force  irrespectively  of  the  area  over  which  it  is  dis- 
tributed; as  for  instance  two  square  feet  of  metal  plate  weighing  five 
pounds  to  the  foot,  will  have  the  same  gravitation  force-value  as 
one  square  foot  of  plate  weighing  ten  pounds,  and  these  plates  will 
balance  each  other  if  placed  in  a  pair  of  scales,  the  force  of  gravi- 
tation being  only  distributed  more,  in  the  one  case,  than  in  the  other. 

b.  An  elastic  system  of  fluid  matter  will  resist  movement  by  its 
inertia,  and  by  its  elasticity  which  acts  as  a  repulsive  force  between 
every  molecule  of  matter  in  the  direct  line  of  impression.  It  also 
resists  movement  in  every  line  of  convergence  which  can  react  by 
the  cohesive  forces  of  the  system  as  previously  considered  58  prop.  b. 
Therefore  forces  impressed  will  constantly  extend  in  area  of  im- 
pression, and  come  to  equilibrium  by  elastic  resistance  at  a  plane 
where  the  elasticity,  inertia,  and  cohesion  of  the  resisting  mass 
together  equal  the  force  of  projection.  In  fluids  we  may  for  con- 
venience assume  these  forces  to  extend  in  conic  areas,  as  before 
proposed,  so  that  the  plane  of  resistance,  becomes  at  a  certain 
distance  of  extension  of  conic  base,  in  equilibrium  with  the  forces 
inqiressed  at  the  vertex  of  a  radial  cone;   the  projectile  force  on 
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i^^  position  of  equilibrium  will  have  no  excess  moi»,^^ 
er  projection. 
|<ises  considered  64,  65  props,  in  the  last  chapter,  \vt-».    -■ 

■  fluid  enters  the  plane  of  infraction  covering  a  c^* 
and  where  the  plane  of  infraction  is  assumed  to  K*-- 

.( throughout,  that  is  of  equal  resistance  per  area  la  ^  -^ 
j  the  cone ;  the  resistance  then  increases  and  the  velo«zzr:il 
I  proportion  to  the  extent  of  the  ^/Vr«»//fr««y  of  jz^Jt 
>  the  base  of  the  cone  and  not  proportionally  to  «6i 
J  as  proposed  above.  From  this  cause  we  may  <:on- 
■  larly  after  taking  some  of  the  following  propositic^ns 
1  how  it  is  tliat  unit  projections  of  fluids  are  motiz'^  ^ 
Ill-rings,  67  prop, _/  Whereas  constant  projections  "' 
\-  are  static  upon  a  certain  close  area  of  conic  resistan  ^^^ 

of  which,  I  will  now  endeavour  to  show. 
I  of  steam  blow  into  the  air  from  a  pipe  or  orifice,       ' 
r  outline  in  the  air  and  will  not  apparently  mixwiC^ 
|i^'hout  the  conic  area  which  circumscribes  its  projeC^-^ 

■  interior  of  this  cone,  the  steam  will  be  projectc^^^ 
Ivith  nearly  equal  force  in  all  direct  lines  from  th^^ 
I  forms  the  vertex  of  the  cone.     To  analyse  the  prin — ^ 

-  projection  of  this  steam-cone,  we  may  from  our"''^ 
uctions  conceive  it  to  be  projected  in  the  followii^ 
1  traced  from  the  first  instant  of  projection.  We  will 
his  observation  that  a  hole  is  suddenly  opened  by  any 
,'cssel  containing  steam,  under  a  pressure  greater  than 
exterior  air.     At  tlie  first  instant  of  the  opening 
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»ble  to  withstand  the  continuous  friction  to  the  projection  of  the 

jet,  to  constantly  deflect  the  direct  momentum  of  the  current  in  the 

same  thin  plane  of  infraction.     Therefore  the  cone  of  impression 

wiU  be,  as  it  were,  quickly  washed  away  by  friction,  and  be  replaced 

entirely  by  the  radially  directed  projectile  fluid.     Nevertheless,  the 

exterior  surrounding  pressures  upon  the  conoid  of  persistion,  not 

acting  directly  as   resistances    to    the   impulse,   will    remain   and 

drcumscribe  the  cone  of  projection,  except  for  such  part  of  this 

cauHd  as  may  be  absorbed  by  rolling  contact,  in  friction  by  the 

projection;   the  action  of  which  I  shall  be  able  hereafter  to  give 

some  demonstrations. 

c-  Upon  the  principles  discussed  above,  the  radial  exit  of  the 
Scam  will  form  a  cone  of  resislatue  to  the  forward  pressures  which 
►ill  impress  the  orifice  of  exit  from  the  base  of  this  cone  so  as  to 
communicate  the  areal  external  pressure  as  a  resistance  upon  the 
internal  pressure  in  the  vessel  to  equilibrium  according  to  the  con- 
•Jitions  of  the  proposition.  The  mode  of  exit  of  fluid  matter  into 
s"nilarly  clastic  fluid,  but  at  a  lower  pressure,  may  be  shown  by  the 
following  diagram 


n 


Let  A  A'  represent  the  axis  of  projection  and  C  C  C"  C"  a  cone 

"impression  somewhat  enlarged  by  exterior  friction.     The  interior 

of  the  cone  is  evidently  projected  forward  by  the  constant  efforts 

"f  the  flowing  force.     Insipient  cones  are  formed  in  the  interior 

of  this  cone,  as  may  be  observed  by  the  exterior  rounding  impres- 

*ciiis  upon  the  resisting  air  toward  A'.     The  whole  of  this  cone 

■ill  be  termed  the  Cone  of  Resistance  in  future,  to  distinguish  it 

fiwn  the  Cone  of  Impression  defined  66  prop,  b,  page  195, 

/  In  the  cone  of  impression  previously  discussed,  the  whole 

nterior  is  active  as  a  hydrostatic  pressure,  expansive  in  all  directions. 

b  die  ame  of  resistance  now  proposed,  the  projectile  force  is  active 

00^  ladially  about  the  axis  of  exit  extending  to  its  base. 

g,  Y\%  95  represents  the  efflux  of  steam  at  a  pressure  of  two 
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|ieres  from  an  orifice  of  half  an  inch  diameter  in  a  tL 
vill  be  observed  that  there  is  a  neck  shown  at  C 
I  to  the  axis,  so  that  the  cone  proposed  appears  imperT- 
ligles  of  this  neck  should  be  shown  eased  off  somewl» 
Txtend  C"C',  C'C  to  the  axis  AA'  the  vertex  of  the  c- 
r  very  near  the  plane  of  the  orifice,  so  that  the  reacV 
base  of  the  cone  is  carried  to  the  plane  of  efflux  by  cz: 
bf  pressure.  With  cohesive  fluids  allowance  should  be  n». 
lohesion  of  the  jet,  but  in  thiscaseof  steam  at  high  press 
e  need  be  made  for  cohesion,  as  this  is  so  nearly  ovcrcc 
fclastic  reaction;  but  if  the  pressure  in  the  jet  only  sUgT 
Kd  the  external  pressure  of  the  surrounding  atmosphere, 
T;  force  of  the  issuing  fluid  would  become  a  palpable  functj- 
I  neck  at  C'C  become  longer.  This  I  will  consider  in  t 
loposition. 

Iropo.sition  :  .•/  continuous  fiowing  fluid  urged  by  any  \t. 
%rce  zvil I  proceed  slowly  in  a  like  fluid  in  direct  lines,  ualesst 
Jf  head  resistance  to  its  forward  projection  expattds  the  forum 
whe  flowing  fluid,  by  elastic  reaction,  so  that  tkf  conic  resistan 
mrcome  the  eoliesivc  forces  of  the  projectile  fluid. 

■  tendency  of  flowing  fluids  to  preserve  a  uniform  section 
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b.  The  previous  proposition  shows  by  the  experiment  illustrated, 
Fig.  95,  that  the  conic  resistance  acts  almost  instantly  upon  jets  pro- 
jected at  high  velocity.  At  low  velocities  we  may  conceive  that  the 
reaction  upon  the  cone  of  resistance  may  be  insufficient  to  break  up 
the  cohesion  of  a  jet,  although  it  is  evident  that  in  slow  projections 
the  resistant  fluid  must  constantly  impress  by  reaction,  its  force 
upon  the  forward  part  of  the  central  axis  of  the  issuing  fluid;  and 
that  this  force  of  resistance  will  practically  extend  as  a  cone,  as 
previously  demonstrated,  radially  in  the  quiescent  fluid  from  the 
point  impressed.  Therefore  it  will  support  the  axis  of  a  cone 
formed  by  the  radial  system  of  resistance  in  the  surrounding  fluid, 
whose  axis  will  directly  impinge  upon  the  axis  of  the  issuing 
stream.  In  this  case  the  cohesive  system  of  the  stream  being  im- 
pressed with  the  greatest  force  in  its  axis,  will  be  constantly  ex- 
panded by  the  vertex  of  the  conic  pressure  of  the  resisting  matter. 
So  that  it  must,  if  not  very  cohesive,  finally  give  way  in  a  very 
limited  distance  by  the  cumulative  action  of  constant  impression; 
and  the  outward  conical  form  of  resistance  will  finally  become 
actively  developed,  exactly  in  the  same  manner  as  with  greater 
forces  of  projection. 

c.  Experimental  evidence  of  the  above  conditions  may  be,  per- 
haps, better  demonstrated  by  an  experiment  of  the  celebrated 
Thomas  Young,  with  the  importance  of  which  he  appears  to  be  im- 
pressed as  a  mode  of  fluid  motion.  I  give  his  original  description, 
as  this  is  the  only  observation  I  have  met  with  of  conic  resistance 
to  fluid  projection  in  any  case. 

^ "  One  circumstance  was  observed  in  these  experiments  which  is 


Fig.  96. — Young's  Experiment  of  Slow  Projection  of  Fluid. 

extremely  difficult  to  explain,  and  which  yet  leads  to  very  impor- 
tant consequences.  It  may  be  made  sufficiently  perceptible  to  the 
eye  by  forcing  a  current  of  smoke  very  gently  through  a  fine  tube. 
When  the  velocity  is  as  small  as  possible  the  stream  proceeds  for 
many  inches  without  observable  dilation.      It  then  diverges  at  a 

'  Light  and  Sound.     Dr.  Thomas  Young,  Phil.  Trans.,  Jan.  1800. 
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superior  to  the  separating  force  of  the  conic  resistance  that  its  pro- 
I  JKtion  encounters.  But  if  it  be  projected  with  very  great  velocity 
\      the  jet  separates  at  once  into  spray,  or  s^iris,  as  it  is  termed. 

t.  In  a  very  cohesive  liquid  impelled  by  its  gravity  in  falling 
through  a  liquid  of  nearly  equal  specific  gravity,  the  velocity  may 
be  so  arranged  as  only  slightly  to  exceed  the  constancy  of  resist- 
ance to  the  lateral  parts,  so  that  the  jet  may  remain  entirely  con- 
tinuous by  its  cohesion.  This  may  be  shown  experimentally.  The 
cohesive  liquid  I  have  tried  is  mastic  varnish.  If  this  be  placed  in 
a  tall  glass  jar  {18  inches  high  in  my  experiment),  and  a  little  of 
the  same  varnish  that  has  been  exposed  to  evaporation  in  the  air 
be  poured  into  a  glass  funnel  above  the  surface  of  the  varnish  in  the 
jar,  a  clear  bright  column  of  the  denser  varnish  will  slowly  descend 
to  the  bottom  of  the  jar,  without  separation,  and  will  continue  to 
flow  as  long  as  it  is  supplied.  This  column  may  be  observed  very 
dearly  in  sunshine  by  the  small  difference  of  refraction  of  the  two 
liquids,  or  if  desirable,  the  denser  liquid  may  be  coloured  with  a 
little  saffron  to  make  it  more  perceptible.  In  this  projection  at 
small  velocity  the  column  will  feel  the  conic  resistance  only  when 
near  the  bottom  of  the  vessel,  but  even  at  this  point,  the  resistance 
will  not  be  sufficient  to  overcome  the  strong  cohesion  of  the  varnish. 
The  column  will  therefore  generally  coil  itself  up  in  a  conical  form 
that  will  resemble  a  coiled  rope,  upon  the  bottom  of  the  jar; 
apparently  avoiding  in  its  convolutions  the  axis  of  direct  resistance 
to  its  projection  near  the  bottom'of  the  jar  only. 

75.  Proposition:  That  the  resistance  to  division  of  a  current  by 
omic  resistance  at  any  time  after  the  first  instant  is  equal  to  the  force 
required  to  separate  tlie  co/iesion  of  a  mass  composed  of  a  feii}  molecules 
sf  the  fluid  only  at  t/ie  vertex  of  the  cone  of  resistance, 

a.  The  force  capable  of  opening  a  cone  of  infraction  for  a  flowing 
fluid  has  been  shown  to  be  very  small  by  the  experiments  given  in 
the  last  proposition;  the  force  necessary  for  the  continuity  of  the 
conic  resistance  will  be  found  to  be  immeasurably  so,  as  the  follow- 
ing principles  will  demonstrate: — 

Let  a  force  as  that  of  compression  into  the  resistance  near  A, 
Kg.  99,  open  a  flowing  fluid  directed  from  B  to  A.  Let  this  force, 
acting  in  a  direct  line,  through  deflection  by  conic  resistances  in 
searing  the  plane  A,  separate  the  fluid  in  the  planes  C  B  and  C  B. 
Tben  assume  that  the  flowing  system  will  be  at  this  instant  of 
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esented  in  the  diagram  below,  where  the  conic  force  is 
e  in  separating  the  cohesion  of  the  two  planes  C  B  and 
crossed  by  the  dotted  line  X.     Now,  by  the  continuity 

Fjg.  99.-DLagrain— Confc  RisiiUnM— Splilline  Action. 

stant  of  time  at  the  dotted  line  Y,  and   at  the  next 
le  line  Z,  so  that  at  any  instant  of  time,  the  separation 
sivc  force  by  conic  resistance  will  be  in  one  infinitely 
ly,  and  the  force  that  will  separate  one  small  unit  mass 
s  will,  if  constant,  continue  the  separation  of  equal  con- 
a!  parts  indefinitely. 

continuity  of  projection  of  a  jet  at  very  small  velocity 
lesivc  liquid  than  that  taken  in  the  last  proposition,  §f, 
r  conic  resistance  may  be  overcome  so  slowly  that  the 
the  separating  action,  here  proposed,  may  be  observed 
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ioUiepath  indicated  by  the  dotted  line  as  shown  in  the  margin, 
F^.  loo;  whereas  the  central  jet,  having  accumulated  gravitation 
impulse,  will  continuously  open  lower  and  lower  in  the  liquid  as  the 
small  amount  of  conic  resistance  is  consecutively  overcome  at  the 
descending  point  c.  By  continuity  of  the  same  form  of  motion  tliC 
ring  will  be  left  far  behind,  united  to  the  central  column  as  an 
inverted  bell,  as  shown  in  the  illustration,  he.  and  the  coherent  jet 
flill  constantly  descend  until  it  reaches  the  bottom  of  the  vessel, 
if  this  be  not  too  deep.  Many  other  cases  could  be  offered,  but 
liie  proposition  is  possibly  sufficiently  demonstrated.  The  general 
principles  of  lateral  resistance  to  jets  for  continuous  forces  will  be 
considered  further  on. 

<■.  This  proposition  becomes  very  important  as  wc  proceed,  for 
w  find  conic  areas  maintained  by  forces  that  arc  immeasurably 
snialL  The  action  of  the  cone  as  herein  demonstrated  is  to  split 
open  the  current  at  the  plane  of  cohesion  as  a  wedge  splits  a  solid 
l»dy,  the  cohesion  being  consecutively  overcome  by  the  splitting 
action  of  the  wedge.  In  this  manner  the  parts  of  the  flowing 
current  move  directly  asunder  at  the  assumed  edge  of  the  wedge. 
There  is  therefore,  in  this  case,  no  other  resistance  as  regards  the 
direction  of  the  current,  than  the  separation  of  the  cohesion  of  a 
anill  mass  of  molecules  at  the  vertex  of  the  cone  only,  for  any 
extent  or  continuity  of  plane,  and  no  slipping  motion  to  cause  fric- 
tion in  the  system. 

76.  Proposition-:  If  a  flowing  Jiuid  of  cyiindrkal  mass  be  pro- 
jilted  longitudinally  into  an  extensive  fluid  wherein  there  is  at  a 
certain  distance  a  solid  directly  in  front  of  the  projection,  so  that  the 
fmiing fluid  suffer  greater  head  resistance  than  in  a  free  fluid,  a  cone 
tf  impression  will  be  maintained  by  the  solid  resistance,  and  the 
ameid  of  persistion  ■will  be  disintegrated  by  the  flowing  force. 

a.  The  principles  of  this  proposition  have  been  discussed  for 
flowing  streams,  40  prop,  b,  but  at  that  time  other  conditions,  since 
offered,  could  not  be  taken  which  particularly  concern  the  exterior 
bteral  resistances  (cone  of  persistion).  In  73  prop,  c  we  have  a 
cone  of  persistion  maintained  throughout  the  projection  in  direct 
cootcal  outline.  This  case  is  assumed  to  be  possible  only  where 
die  flowing  projectile  force  is  great  enough  to  project  forward  the 
Oooe  of  impression,  to  form  a  cone  of  resistance.  In  the  case  of 
t  proposition  the  cone  of  impression  will  be  supported  at 
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77.  Proposition:  That  a  constantly  Jlowing  projectile  fluid  in  a 
anic  syslmi  of  resistance,  moving  tangcntially  to  the  plane  of  the 
maid  of  persistion,  will  rotate  this  conoid  upon  such  centres  of  inertia, 
as  may  be  conceived  to  be  contained  in  every  radial  segment  of  matter 
in  this  conoid,  if  the  cone  of  impression  is  rigidly  supported  at  its  base. 
a.  The  object  of  the  present  proposition  is  to  endeavour  to  dis- 
cover the  mode  of  continuity  of  the  flowing  force  beyond  the  sup- 
ported cone  of  impression  shown  in  the  last  proposition  §  b.  For 
it  is  quite  clear  that  if  the  flowing  force  be  continuous  that  its  back- 
irard  parts  will  press  its  forward  parts,  so  that  by  this  means,  and  by 
ihe  conservation  of  directive  enei^y  in  the  whole  system,  the  active 
forces  will  tend  to  induce  a  continuous  motion  in  the  projected 
fluid,  which  will  now  move,  as  in  all  other  cases,  in  the  least  fric- 
lional  course  in  composition  with  the  forces  of  its  direct  momentum 
and  resistance. 

i.  The  continuity  of  the  projectile  force  in  a  jet  of  flowing  fluid 
upon  leaving  the  base  of  the  cone,  or  conoid  of  impression,  may 
hare  insufficient  momentum  to  carry  the  projected  fluid  beyond  the 
base,  as  we  find  conditionally  in  the  experiment  of  continuous  drops 
mentioned  in  70  prop,  e,  page  205,  where  the  force  was  very  small, 
and  the  projection  was  exhausted  at  the  time  the  drops  reached  the 
base  of  the  cone  of  impression,  where  the  further  projection  of  suc- 
ceeding drops  constantly,  upon  arrival  at  the  base,  pushed  the 
previous  ones  outwards,  so  that  their  movements  become  perpendi- 
cular to  the  line  of  original  projection ;  in  this  case  we  may  assume 
that  we  follow  the  cone  of  impression  to  its  final  limits  as  an  active 
area  of  deflection. 

c.  Now  in  the  present  proposition  the  forces  in  the  injected  fluid 
will  be  assumed  to  be  continuous  beyond  any  base  that  we  may 
conceive  for  a  cone  of  impression  or  resistance,  and  on  this  assump- 
tion there  can  be  no  doubt  that  the  further  continuity  of  the  motive 
directions  of  the  injected  fluid  will  act  upon  the  same  principles 
as  are  involved  in  the  first  deflections  under  resistance  by  the  cone 
tif  impression.  This  is  demonstrated,  in  that,  by  the  very  nature  of 
the  directive  forces  and  the  conic  resistance  encountered,  by  which 
die  flowing  fluid  is  constantly  deflected  from  the  cone  of  impression 
by  the  surface  of  resistance  where  there  is  the  greatest  accumulation 
of  dastic  force  (40  prop,  b),  that  this  deflection  will  be  continuous,  so 
tfiat  at  a  certain  point  of  resistance,  as  at  the  bottom  of  the  vessel^ 
••  flowtiqr  force  will  be  at  first  turned  at  right  angles  to  the  direc- 
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jjection,  and  then  by  continuity  of  the  projection  it  will 
:i  tiiverge  further  and  further  from  the  direction  of  original 
ntil  the  fluid  so  urged  forward  must,  by  the  continuity  of 

of  resistance  and  conserved  elastic  force,  lake  a  circuit 
ipon  the  plane  of  original  projection,  that  is,  it  will  finally 
Hit  the  centre  of  inertia  of  every  radial  segmeftt  directed 
ixis  of  tlie  projecliU  system,  suck  centres  circumscribing 
ng  an  annular  axis  to  the  motive  system  of  the  conoid  oj 
In   this    manner,   by   the  constancy  of  deflection    o( 

in  taking  a  constantly  increasing  angle,  an  annular 
roll  would  be  produced,  the  radial  section  of  which 
a  complete  spiral  or  volute.  I  had  some  difficulty  at 
monstrating  that  such  a  mode  of  motion  would  occur 
;ntry  of  a  Rowing  current  in  a  like  fluid,  as  in  my  first 
ts  I  found  that  in  the  confusion  caused  of  injecting  a 

could  be  made  out,  and  one  is  easily  deceived  by  com- 
icnomena;  however,  in  the  following  experiment  I  devised 
ncrease  the  resistance  in  equal  proportion,yVr(;rcaof  pro- 
crally  upon  all  parts  of  the  system,  so  as  to  produce  a 
:ion,  and  thereby  to  permit  this  motive  form  of  projection 
rvable.  At  the  same  time  1  was  able  to  reduce  the  cone 
ion  to  a  thin  section  so  that  all  parts  of  the  motive  system 
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tiion  of  colouring  matter,  for  which  I  found  common  writing  ink 
r  perfectly  welt.  Now  placing  the  point  of  the  syringe  just 
ffthe  surface  of  the  water  vertically  in  the  centre  of  the  trough 
S04S  to  disturb  tlie  surface  as  little  as  possible,  and  then  steadily 
and  forcibly  injecting  the  contents  of  the  syringe,  the  following 
effects  were  observed. 


As  the  colour  descended  it  formed  a  conoid  of  extended  base ;  but 
the  projection  continuing  and  being  more  than  sufficient  for  this 
first  effect,  the  stream  lines  continued  to  constantly  diverge  from 
their  original  course;  they  therefore  curled  over  upon  themselves  until 
complete  volutes  were  formed  on  either  side  outwards  from  the  axis 
of  the  projection.  As  our  vessel  resisted  by  the  surfaces  of  the  glass 
the  projectile  force  of  the  motion  on  two  sides  only;  the  injected 
liquid  in  order  to  escape  this  resistance  was  compelled  to  follow  its 
course  on  the  two  free  exterior  sides  of  the  projection.  The  volutes 
therefore  contained  the  whole  of  the  injected  matter  within  a  plane 
of  the  width  of  the  trough,  that  is,  half  an  inch  in  thickness,  they 
consequently  came  out  for  observation  very  distinctly. 


/.  If  the  force  of  first  injection  of  the  coloured  fluid  was  made 

■•  great  as  it  could  be  conveniently  by  pressure  of  the  hand  on  the 

<Cb  tbe  continuity  of  the  projectile  force  entirely  removed  the 
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Btcr  from  near  the  conoid  of  impression,  and  this  i[ipniTi—i 
car  space  at  the  end  of  the  experiment.  The  curls  {^hi 
ntiing  to  revolve  under  favourable  circumstances  until  tl^*H 

■ly  reached  the  central  space  as  shown  in  the  diagrar:^ — 

It  page. 

■lowing  experiment  (Fig,  104)  shows  the  same  principles ^^ 
fiat  given  in  the  last  experiment,  but  for  air  instead  ^kc 
■,  made  visible  by  smoke,  be  caused  to  issue  from  a  sm^^ 

Ivclocity,  and  the  resistance  be  made  greater  by  causing 
ween  two  planes  of  glass  as  in  the  last  experiment,  simil^^ 

Ition  may  be  observed.    The  following  shows  the  proces — = 

lieces  of  glass  of  say  6  inches  square,  and  place  ther"» 


'.^5 


'^c2jM. 


Ih  an  interval  of  about  ^  of  an  inch.  This  may  be  done 
n  piece  of  stout  card  or  a  thin  slip  of  wood  down  two 
r  upon  the  four  corners  of  one  of  the  plates,  and 


WHIRL   PROJECTIONS.  223 

we  have  also  present  certain  functions  of  vibratory  motion  as 
observed  by  Young  (74  prop,  r),  which  I  will  consider  elsewhere 
in  treating  of  the  principles  of  sound  motion.  The  illustration 
(F^.  104)  was  made  by  Mr.  ColHngs  at  my  request  from  his  own 
observation.  It  is  not  quite  the  theoretical  form  I  should  have 
given  it  in  a  diagram,  but  I  have  no  doubt  it  is  represented  as  he 
actually  observed  it,  and  as  such  it  will  sufficiently  well  support 
my  theory. 

k.  The  principles  offered  above  suggest  that  the  mode  in  which 
llie  impressions  upon  the  air  are  made,  that  we  recognize  as 
sound,  spread  immediately  in  the  surrounding  air;  so  that  at  the 
bad;  of  a  player  upon  a  wind-instrument  we  hear  nearly  as  clearly 
IS  in  any  forward  or  lateral  direction.  That  this  is  the  case  we 
have  also  evidence  in  an  experiment  made  by  Dr.  Tyndall,  that  the 
sound  of  a  gun  was  proved  to  be  equally  penetrating,  whether  the 
gun  was  directed  to  the  hearer  or  the  reverse. 

(■  Although  in  the  whole  of  the  experiments  given  in  this  and  the 
previous  chapter  I  have  endeavoured  to  make  it  clear  that  a  projec- 
tile fluid  liot-s  enter  the  plane  of  infraction,  it  may  not  be  quite  clear 
a'iithecontinuityof  projection,  as  shown  in  this  proposition,  remains 
in  this  plane  until  complete  volutes  are  involved  in  the  conoid  of 
persistion,  as  the  least  frictional  mode  of  continuity  of  projection  of 
the  fluid.     We  must  nevertheless  assume,  I  think,  that  there  is  no 
doubt  this  is  the  case.     It  appears  to  me  that  the  reason  is  clear 
tbat  the  continuity  of  projection  in  whirl  forms  is  the  least  frictional 
mode  of  projection,  in  that  the  projectile Jluid  is  moulded  to  a  fonvard 
Very  thin  edge  by  its  intrusion  into  the  plane  of  infraction,  and  that 
diis  thin  edge  is  easily  pressed  forward  by  the  backward  parts  of 
the  fluid,  opening  out  an  infraction  plane  in  front  by  splitting  open 
the  fluid  upon  principles  given  (75  prop.),  which  splitting,  is  deflected 
constantly  from  the  greatest  resistance,  and  thereby  permits  the  in- 
trusion of  the  projectile  fluid  in  whirls. 

j.  The  conditions  of  this  proposition  should  not  be  confused  with 
iriiiii'ring  projections  given,  66  prop.,  although  the  motive  forms 
■le  similar;  as  in  the  case  of  a  whirl-ring  it  is  entirely  projected 
witliin  the  plane  of  infraction,  although  it  may  carry  with  its  pro- 
jection a  part  of  the  conoid  of  persistion  into  its  involuting  system; 
in  the  present  proposition,  for  constant  forces,  the  projec- 
acts  tangentiaUy  upon  the  conoid  of  persistion,  so  that  this  is 
lAiorbtd  into  the  involuting  System. 
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Itions  of  parts  of  the  whirl  system  of  the  abov^  _ 

experiments  I  shall  have  reason  constantly  tor*2=«uj 
liple  of  the  previous  two  experiments,  in  which  th 
Tiuch  more  demonstrable  in  liquids  than  in  g-^BJCs 
[i^n  references,  it  will  be  now  most  convenient  to  fmave 
I  the  outward  forms  of  motions  engendered,  clearly     de- 


Tied  the  ri/ij,--  projected  by  a  fluid  in  a  like  S  «'"' 
e  section  upon  a  surface,  a  whirl-dimple,  [r^^^ 
■ciples  of  these  motions  being  like  thos^" 


1  i-eady  n 
Lind  its  plai 
I  of  the  pri 

liatural  phenomenon,  a  i('/ii>(J(*oo/.    I  will  further  use  ih^^ 
.,  and  distinguish  the  entire  principle  of  motion  wh* 
curls  or  volutes  described,  the  conic-whirl-system, 
simply.     I  will  denote  each  of  the  curls  or  volut:^^^^ 
wU  call  the  natural  form  of  motion  caused  by  he^^^ 
lon  a  surface  or  ptane  ju.st  demonstrated  (77  prop.  e\ 
;  shortest  graphic  expression  I  can  find,  the  prefix  bein,^*^ 
icntific  language  to  denote  duplication  of  similar  object" 
|will  term  the  directive  forces  derived  from  the  caus^^^ 
ich  produce  iv/iirls,  whirl-force ;  and  will  use  the  evolutic^ 
,  as  an  inclusive  term  to  denote  conic  resistance,  infract 
in  conserved  elasticity,  rolling  contact,  and  oth^^^ 
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the  lateral  whirls  will  constantly  enlai^e,  and  the  current  will  pro- 
ject further  and  further  into  the  basin,  showing  that  the  whirls 
reduce,  by  their  enlargement,  the  resistance  to  direct  projection.  If 
the  current  has  great  force  the  centres  of  the  whirls  will  form  deep 
depressions  by  their  centrifugal  force,  and  the  centre  of  the  stream 
ivill  be  elevated,  so  that  the  current  will  take  a  restricted  sectional 
area  of  projection  to  reduce  its  lateral  surface  of  contact  as  much  as 
the  accommodation  of  the  system  will  permit  This  1  have  ob- 
served in  many  cases.  In  water  flowing  through  the  locks  at 
Boulc^e,  in  emptying  the  backwater  of  the  river  Liane,  the 
central  current  rises  about  30  inches  above  the  lateral  whirls.  The 
following  diagram  will  illustrate  the  principle. 


riK,  105.— Ex.— Sutfacc  biwhul. 

b.  Let  the  above  diagram,  Fig.  105,  represent  a  part  of  a  surface 
of  water  in  an  extensive  basin,  into  which  there  flows  a  current 
in  the  direction  shown  by  the  arrows,  Y  to  Z.  In  this  case  lateral 
n^u'rls  will  form  at  a  and  a,  and  if  the  current  be  rapid,  it  will 
remove  the  side  waters  dd,  and  send  forward  wave-like  deflections 
ia  front  which  will  pass  into  other  whirls  if  sufficiently  free  from 
further  resistance.  In  this  case  also  deflected  currents  will  be 
thrown  off  at  c  and  if.  By  continuity  of  projection  the  entire 
system  will  becomeone  of  biwhirl  rotation,  and  the  water  will  flow 
constantly  through  the  central  area  moving  tangentialiy  to  the 
whirls.  The  centres  of  the  whirls  a  d  will  be  natural  whirlpools  by 
the  tractional  effects  of  the  surrounding  parts  moving  tangentialiy 
to  them. 
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80.  Proposition:  That  whirl  sy sterns  are  developed  normal  to 
the  planes  of  resistance  in  a  flowing  stream^  and  may  vary  in  form 
from  a  circle  to  a  very  long  ellipsoid.  Natural  whirl  forms  from 
local  resistances  being  most  generally  ellipsoidal^  although  the  least 
frictional  forms  are  ciradar, 

a.  If  we  let  a  jet  of  water  fall  vertically  into  a  deep  vessel  of 
water,  the  projection  after  entering  for  a  certain  depth  will  be 
deflected  on  all  sides  equally,  and  return  towards  the  point  of  entry, 
as  will  be  clearly  indicated  by  the  inward  direction  of  the  surface 
water  towards  the  jet  This,  from  the  equal  lateral  freedom,  will 
produce  for  every  radial  section  a  circular  system. 

b.  If  we  project  a  band  of  great  width,  as  for  instance  that  of  the 
width  of  vessel  into  which  it  is  projected  downwards,  two  cylindrical 
whirls  will  be  produced  laterally,  which  will  involve  in  a  similar  man- 
ner to  the  above  normal  to  the  surface  direction  of  the  current  If 
we  project  the  same  form  of  band  horizontally  below  the  surface  of 
the  water,  a  vertical  biwhirl  will  be  formed  in  which  the  upper  and 
lower  portions  will  flow  in  the  opposite  direction  to  the  central 
projection.  The  principle  of  this  form  of  projection  is  important, 
as  it  is  in  this  manner  that  undercurrents  and  midcurrents  are  pro- 
jected, which  flow  without  excessive  friction  both  in  the  atmosphere 
and  the  ocean,  the  instances  of  which  I  will  endeavour  hereafter  to 
discuss.  This  form  of  motion  produces  ellipsoidal^  or  if  in  very 
extensive  areas,  n^dsXy  planic  systems, 

c.  It  is  important  in  the  above  proposition  to  observe  that  the 
whirl  system  developed  by  a  planic  current  will  at  all  times  tend  to 
divide  the  system  of  the  flowing  fluid,  so  that  continuous  streams 
will  decrease  in  volume  by  the  amount  deflected  from  them  by  the 
development  of  lateral  whirls  of  rolling  contact  It  is  also  clear 
that  such  whirl  systems  would  after  deflection  form  for  themselves 
detached  systems  which  may  never  again  coalesce,  to  form  a  single 
system — as  in  circular  systems. 

Unstable  equilibrium  of  a  biwhirl  system  of  projectile 
fluid. 

81.  Proposition:  If  a  biwhirl  system  of  fluid  motion^  as  shown 
in  tlie  last  proposition,  suffer  any  unequal  resistance  on  the  one  side  or 
the  otlier;  tlie  tangential  action  on  t/ie  most  free  whirl  of  the  two  will 
enlarge  this  whirl  to  greater  area  by  absorption  of  the  flowing  force 
as  it  %vill  also  diminish  the  more  resisted  whirl     But  if  the.  flowing 
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^^rce  would  suffer  greater  resistance  by  this  cliange,  tlie  more  resisted 
Tvhifl  %uill  be  enlarged.  Further  if  a  motion  be  induced  which  tends 
to  cniarge  eitlier  one  whirl  or  t/ie  other  of  t/ie  system,  this  will  continue 
persistent,  although  it  may  be  tlte  more  frktional  of  tlie  two  to  tliefioxv- 
ing  ybrce. 

a.  If  we  take  the  apparatus  described  T^  prop,  d,  and  perforate 
a  hole  midway  in  each  of  the  sides  of  about  ^  of  an  inch  inter- 
nal  diameter  as  shown  in  the  engraving,  and  insert  a  pipe  in  one 


of  these  holes  A  leading  to  a  reservoir  placed  at  about  a  foot  above 
its  position,  a  current  may  be  projected  from  this  hole.  If  we  add 
a  short  length  of  pipe  to  the  other  hole  of  equal  diameter  as  shown 
at  B ;  then  the  quantity  of  water  the  one  hole  supplies  the  other 
hole  will  let  off  so  that  we  may  have  a  current  passing  through 
the  vessel  from  the  one  hole  to  the  other. 

b.  Let  the  apparatus  illustrated  in  Fig.  106  be  filled  with  clear 
water  and  the  reservoir  that  supplies  the  pipe  A  contain  particles 
of  matter  of  about  equal  specific  gravity  with  the  water.  Then  by 
projection  of  a  current  from  A  its  passage  through  the  apparatus 
may  be  clearly  observed,  which  will  be  as  follows: — 

Upon  first  projection  of  the  current,  allowing  a  few  seconds,  in 
which  motions  of  conic  resistance  will  be  developed,  a  biwhirl  will 
be  established,  the  whirls  of  which  will  proceed  upwards  and  down- 
wards, and  the  axis  will  at  first  take  a  strait  direction  to  the 
opposite  hole,  but  after  a  time  it  will  be  evident  that  this  system 
is  ia  unstable  equilibridm,  and  the  direction  of  the  central  current 
1101  be  deflected  slightly  upwards  or  downwards.  With  the  small 
;  described  yj  prop,  d,  the  directive  force  of  the  entering 


PKOPEJiTIES   AND    MOTIONS  OF   FLUIDS.               £. /W 

ipproximatcly  maintain  the  axial  line,  and  the  direction 
will  be  nearly  as  represented  in  the  preceding  cngrav- 

e  the  equilibrium   of  tlie  whirl  system  Induced  more 
i  it  was  clear  to  me  that  the  fluid  was  projected  in  the 
itus  I  first  used,  which  was   15  inches  only  in  width. 
ceived  was  too  near  tlic  opposite  point  of  efflux  for 
liiibrium,  or  to  show  visible  signs  of  unstability.  the 
■  which  I  desired  to  investigate  by  differences  of  lateral 

I  therefore  constructed  a  new  trough  in  which  the 
i   exit  were  more  distant,  so  that   any  inequality  of 
ances  acted  more  sensitively  upon  the  axis  of  projec- 
new  apparatus  resembled  that  previously  described, 
ore,  a  narrow  trough  with  glass  sides,  but  the  distance  . 
Ltid  exit  also  the  depth  of  the  trough  were  increased  as 
ith  of  trough  46  inches,  depth  2 1  inches,  width  between 

inch.     The  inlet  and  outlet  pipes  were  placed  in  the 
;  ends,  and  were  of  nearly  -62  of  an  inch  in  internal 

paratus,  from  the  distance  of  the  entrance  and  exit,  the 
jrrent  was  made  to  flow  through  the  central  area  with 
u!ty,  the  projected  stream  being  evidently  very  sensi- 
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d.  Now  obstructing  the  flowing  fluid  so  as  to  direct  the  current 
to  flow  for  a  short  space  of  time  upon  the  lower  surface  of  the 
vessel,  the  lai^est  whirl  was  formed  upwards  as  in  the  engraving 
below.  Fig.  108,  as  it  had  not  sufficient  force  to  change  already  in- 


duced motions  by  passing  through  the  phase  of  a  more  frictional 
system. 

'.  The  flowing  force  for  the  larger  whirl  of  the  biwhirl  taking  its 
circuit  downwards,  in  this  last  case,  although  this  was  a  more 
frietimal  mode  of  motion  than  the  first,  is  very  important  in  some 
opetations  of  nature,  as  it  shows  a  certain  persistence  of  motion 
in  some  cases,  as  in  ocean  currents,  when  the  causes  by  which 
they  were  produced  have  possibly  entirely  disappeared.  To  this  I 
•nay  again  revert 

82.  Proposition:  1/  t/ie  area  of  a  flowing  stream  he  large  and 
it  projected  in  a  fluid  of  like  demity  of  extensive  free  area,  bitvhirl 
ijitems  will  he  formed;  the  extent  of  the  whirls  of  which,  if  free 
fnm  unequal  lateral  resistance,  will  be  finally,  nearly  equal  to  that  of 
Ike  greatest  circumference  of  a  circle  that  can  be  described  in  the  free 
urea.  Tlu  deflected  flowing  fluid  moving  tangentially  past  such  areas 
tf  rotation  will  suffer  less  resistance  inversely  proportional  to  the 
fdiui  of  the  greatest  circle  of  motion  nearly. 

a.  Certain  conditions  of  the  above  have  been  taken  under  prin- 
cqdes  of  rolling  contact  $0  prop,  e,  but  at  the  time  I  had  not  pro- 
posed any  function  for  head  resistance,  so  that  the  matter  could  not 
bedeared  up,  except  as  regards  lateral  resistance.  This  proposi- 
tkn  shows  the  deflection  of  the  direct  flowing  systems,  formed  first 
bf'conic  head  resistance  {biwhirl  system). 

k  The  above  proposition  will  be  subject  to  the  conditions  of  the 

»t  (<;  nabiely,  that  there  are  not  present  already  induced  motions, 

'  dMftuiescent  area  in  which  a  current  is  projected,  is  assumed 
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T  free  on  all  sides.     If  there  be  more  or  less  resistance 

trt  of  the  biwhirl  system,  this  part  may  be  deflected 

|:t  course  or  circular  projection,  but  under  this  deflection 

I  a  kind  of  elastic  resistance  inducing  a  circular  motion, 

use  the  whirls  to  complete  their  forms  over  other  por- 

free   area   wherever   possible.      This   proposition    is 

1  that,  it  offers  a  theory  that  accounts  for  currents  in 

liescent  spaces  in  tlie  ocean  and  rivers,  that  are  often 

1  to  the  tangential  movement  of  some  distant  deflected 

loposition  may  be,  for  e.\act  conditions,  confined  to  the 
irge  currents  in  free  areas,  as  I  have  found  that  in 
5  the  immediate  near  pressures  upon  the  whirl,  that 
I  take  the  place  of  the  conoid  of  persistion,  leave  the 
1  small  momcntunn  and  great  tangential  resistance,  so 
Btem  is  easily  deflected  and  deformed,  although  there 
t  certain  amount  of  resistance  to  the  deflection  b>' 
■orccs,  which  may  be  made  evident  in  many  expcri- 
■or  instance,  in  Professor  Tait's  projectile  whirl-rings 
Bthat  appear  from  this  cause  to  possess  a  certain  amount 
"I  if  thoy  meet  an  object,  or  another  ring,  by  which  thcj' 
Be  deflection  of  the  rotary  system.     However,  in  any 
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will  deflect  thebiwhirl  formed,  upwards,  so  that  the  greatest  circular 
areasof  revolution  will  occupy  positions  near  the  ends  of  the  trough, 
that  is,  in  positions  where  the  greatest  circle  may  be  described.     If 


we  now  take  out  the  shaped  piece  of  wood,  turn  it  end  for  end,  and 
replace  it  in  the  bottom  of  the  trough  as  shown  (Fig.  i  lo).  It  will 
now  be  impossible  by  the  position  of  inflow  that  the  whirls  of  the 
biwhirl  shall  occupy  the  greatest  areas  of  the  vessel.  In  this  case 
abiwhirl  will  be  formed  at  the  entrance,  and  a  second  further  on  in 
the  most  free  area,  so  that,  in  this  case,  the  three  whirls  united  will 


take  the  greatest  possible  circular  areas  m  the  containing  vessel. 
In  either  case  the  current  to  reach  the  orifice  B  m  the  one  instance, 
or  B'  in  the  other,  will  pass  round  a  large  portion  of  the  diameter 
of  the  whirls  as  the  least  fnctional  course  These  experiments  maj- 
be  varied  with  very  curious  results,  but  as  they  are  only  modifl- 
cations  of  the  same  principles  of  motion,  it  is  unnecessary  to  waste 
thne  in  giving  descriptions  of  these  variations,  except  for  a  few 
important  cases. 

f.  By  the  conditions  of  this  proposition  a  biwhirl  cannot  be  fully 
developed  if  the  area  be  such  as  to  permit  one  circle  only  to  All  the 
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ce,  unless  the  current  crosses  the  central  area,  as  any 
e  circular  space  would  restrain  the  force  of  the  greatest 
tion,  according  to  the  conditions  offered.     In  this  case 
TOuld  if  possible  pass  tangentially  to  the  unit  system, 
n  already  demonstrated  by  principles  of  rolling  contact, 
f  the  vessel  were  of  another  form  so  that  a  circle  could 

Nil 

meeting  approximately  equal  resistances  in  opposite 
t  for  instance  shown  in  tlie  engraving,  Fig.  1 1 1,  of  a 
the  rotation  would  be  formed  in  the  greatest  circle 
inscribed  in  the  space,  but  in  this  case  there  would  be 
laces  at  the  corners  inactive  in  the  rotational  system, 
ind  that  to  complete  the  square,  smaller  rotational  sys- 
up  in  these  corners.   These  small  systems  show  cxperi- 
their  direction  of  rotation  that  they  arc  biwhirls  thrown 
ec  parts  of  the  tangential  system.     They  can  be  seen 
the  apparatus  shown,  Fig.  1 1 1  above,  which  is  made  six 
,  formed  of  pieces  of  wood  a  quarter  of  an  inch  in  thick- 

1 
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K  quite  clear  from  principles  discussed  that  if  it  had  to  turn  the 
angle  by  stream  lines  continuously  parallel  to  the  surface  of  the 
pipe,  as  generally  assumed,  the  friction  of  so  rigid  a  system  as  water 
torinstance,  would  be  immense;  but  by  means  of  a  whirl  in  the  inner 
ingle,  rolling  contact  is  insured,  and  the  greater  part  of  the  friction 
entiiely  avoided.  This  may  be  demonstrated  by  the  same  experi- 
mental method  as  previously  given,  of  cutting 
the  angles  to  form  the  pipe  out  in  flat  sections 
intwopiecesof  thin  wood  and  cementing  these 
bctH'een  two  plates  of  glass  to  the  form  shown 
Rg,  112,  The  channel  thus  left  for  the  water 
maybe  of  square  or  oblong  section.  The  water 
being  made  visible  by  particles  is  found  to  form 
a  whirl  in  the  inner  angle,  which  keeps  in  con- 
stant rapid  rotation  which  deflects  the  current       •"«  '"  7*^' ~'*^'''' " 

•^  Angl«  of  Pip™. 

into  its  course  to  follow  the  outline  of  the  pipe, 
A  train  of  smaller  whirls  form  on  each  side  of  the  exterior  angle  to 
the  projectile  current  within  the  pipe.  These  whirls  are  all  under 
restraint,  and  act  as  friction-savers,  in  proportion  to  their  possible 
motive  freedom  under  the  circumstances,  subject  to  the  already 
induced  motions  of  the  water  in  the  pipe,  the  conditions  of  which  I 
bive  yet  to  consider. 

Elasticity  of  Whirl  Systems. 

88.  Proposition  :  /«  a  fluid  systan  mennng  under  the  restraint  0/ 
laUrai  resistances,  rotary  forces  will'  be  persistent,  and  tltey  will  avoid 
these  resistances,  but  t/te  rotary  systans  may  suffer  such  deformations 
as  may  not  be  more  frietional  than  division  into  separate  whirl  systems 
infrietional  contact  with  each  other. 

a.  The  most  certain  law  of  fluidity  is  that  the  fluid  will  move  in 
the  least  fnctional  course  to  continue  its  motion.  This,  I  hope,  I 
have  clearly  shown  will  be  necessarily  so  by  means  of  rolling  contact; 
but  the  system  of  rolling  contact  will  be  modified  to  the  conditions 
present,  and  may  not  always  be  an  evident  form  of  motion. 

4.  If  a  fluid  commence  to  flow  over  another  fluid  at  rest,  it  will 

do  so  by  division  of  the  current  into  separate  rotational  systems,  as 

rinwn  46  prop.  ff.    If  such  rolling  motions  of  contact  continue,  they 

induce  a  general  surface  motion,  and  this  being  induced  in  a 

fiquid  mass,  this  will  react  upon  the  inertia  of  the  general 

tern  and  induce  equivalent  motions  in  distant  parts. 
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J  the  supporting  whirls  of  an  overflowing  system  cannot 
lieir  forms  without  division,  for  which  there  may  be 
Iveaker  plane  of  resistance  than  that  to  direct  projection, 


stem  will  then  continue  under  restraint  by  the  tan- 
s  being  deflected  by  the  resistances  to  a  greater  or  less 
a  purely  rotational  system,  proportionally  to  the 
.ntercd. 

J  the  diagram  above,  which  represents  the  motive  forms 

Itions  are  induced  in  a  vessel  similar  to  Fig.  53,  page  141. 

1  there  would  be  space  for  two  circles  under  the  condi- 

last  proposition,  but  it  is  quite  clear  that  the  re-entrant 

air  of  whirls  in  such  a  system,  coming  in  opposition  at 

:  plane,  would  be  more  friclional  tlian  the  restraint  of 

It,  although  deflected  system,  as  that  shown  in  Fig.  113 

Ition  of  the  arrows. 
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Ls  such  deflections  are  not  seen,  so  that  these  instances  are 

purely  systems  under  restraint. 

Motions  in  Solid  Conic  Areas. 

84,  Proposition  i  If  the  conoid  ofpersistion  formed  by  the  inertia 
vf  surrounding  fluid  be  supported  by  near  solids,  or  thai  it  be  formed 
of  solid  matter,  such  conoid  tvill  offer  less  resistance  to  a  flowing  force 
frocuiing  from  the  vertex  of  tlu  conoid  than  any  otherwise  disposed 
!f stem  of  resistant  matter. 

a.  In  32  prop,  h,  page  (07,  it  was  mentioned  that  Eytelwein,  by 
refinements  of  an  experiment  of  Venturi.  constructed  a  cone  which 
offered  friction  to  the  efflux  of  water,  only  by  a  small  fraction  of  the 
whole,  or 'OS,  greater  than  a  perfectly  frictionlcss  outlet  according  to 
the  theory  I  offered  in  the  same  proposition.  I  have  shown  that  in 
such  conic  forms  of  outlet  the  elastic  forces  of  the  issuing  fluid  are 
released,  but  as  elastic  reactions,  they  impinge  upon  the  surface 
of  the  solid  cone,  and  the  motion  becomes  very  frictional,  unless  we 
can  otherwise  imagine  some  system  of  rolling  contact  induced ;  but 
assuming  such  rotation  once  induced,  the  conic  form  of  aperture 
would  then  present  conditions  somewhat  similar  to  projection  down 
an  inclined  plane  to  the  freedom  of  the  whirl  system  of  contact 
induced  upon  the  conic  surface.  This  whirl  direction  would  tend  to 
dtaw  forward  the  current  and  increase  the  efflux  over  that  of  a 
simple  or  cylindrical  aperture.  The  restrained  elastic  forces  giving 
impulse  to  the  rotational  system. 

b.  In  77  prop,  we  considered  the  motive  effects  that  would  be 

brought  about  by  supporting  the  cone  of  impression ;  in  which  wc 

found  that  the  flowing  force  was  thereby  deflected  into  the  conoid 

ofpersistion,  to  which  it  imparted  its  momentum  tangentially,  until 

this  conoid  became  a  rotary  system  of  motion,  the  effect  of  which 

was  a  saving  of  much  of  the  friction  upon  the  issue  of  the  jet     In 

the  present  proposition,  the  conoid  of  persistion  is  assumed  to  be 

supported,  and  in  this  case,  the  deflected  fluid  is  restrained  in  the 

ODinpIetion  of  free  extensive  whirls,  so  that  the  friction  whirls  de- 

vdc^ied,  are  of  smaller  size  and  to  a  certain  degree  insipient,  so  that 

thqr  rotate  in  many  small  systems  upon  the  conoid  of  pcrsistion. 

A  By  making  the  conoid  of  persistion  a  rigid  system  to  a  flowing 

■e  produce  for  this,  the  same  conditions  as  were  observed  for 

ry  unit  for^s,  64, 65  props.,  for  a  free  projection,  wherein 

^  formed.    For  in  this  case  the  conoid  of  persistion 
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Iratcd  to  be  fractured  in  the  fluid  system  from  the  area 

pf  impression,  so  that  it  remained  the  most  rigid  part 

Therefore  by  equivalence,  as  argued,  73  prop,  c,  the 

lary  system  of  the  whirl-ring  of  a  unit  projection  upon 

If  persistion  should  be  also  equivalently  represented  for 

:,  when  such  rigidity  of  exterior  form  is  given  to  the 

I  as  may  be  represented  by  a  solid  conoid  of  persistion. 

^  case  will,  however,  be  that  as  the  flowing 

ll  such  a  conoid  of  persistion  is  constant,  the  equivalent 

■ring  should,  therefore,  be  formed  at  every  part  of  the  . 

;  conoid  of  persistion  upon  which  the  flowing  force 

Jet.    From  the  above  we  may  conclude,  that  as  such  pro- 

I  systems  as  are  shown  to  be  produced  in  unit  projection 

:,  by  direct  impulse  and  resistance  upon  the  conoid  of 

rendered  instantly  rigid  by  tlie  percussionary  action 

Itipulse;  that  we  may  also  imagine  that  by  making  the 

rsLstion  equally  rigid  throughout  by  any  other  means, 

greater  impulse,  as  by  that  of  a  constant  flowing  fluid, 

c  motions  of  rotation  will  be  induced  everJ^l■hcre  upon 

If  this  rigid  conoid  as  in  a  projectile  whirl;  that  these 

I'ill  also  be  so  disposed,  by  their  deflected  directions, 

lo  save  friction  against  the  solid  conoid,  but  also  by  the 

cussed,  in  39  and  6;  props.,  of  conservation  of  energy 

:ed  system,  to  use  the  flowing  force  so  diverted  to  pull 

[current  itself-— exactly  as  we  find  the  projected  whirl- 

;  the  resistance  in  front  by  the  same  principles  of 

,'  under  like  deflections. 
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the  whole  pipe  conical  direct  from  the  vcssc!  of  water,  giving  to  the 
cone  the  proportions  of  nine  times  the  length  of  the  diameter  at  the 
aperture  from  the  vessel,  and  making  the  cone  in  the  ratio  of  r8 
at  the  outward  end  to  ro  at  the  aperture  of  the  vessel,  the  dischai^e 
of  water  was  more  than  double  that  of  a  simple  pipe  of  the  same 
intenial  diameter,  that  is,  the  water  from  the  conic  pipe  flowed  out 
in  the  proportion  of  24  to  10  from  the  cylindrical  pipe. 

e.  In  this  experiment  the  angles  of  entry  to  the  pipe  were  eased 
olTsoas  to  produce  an  easy  flow,  into  the  form  given  by  the  internal 
pait  of  the  vena  contracta. 

/Venturi  rightly  conceived  that  the  air  resistance  was  the  prin- 
cipal cause  of  the  acceleration,  but  in  what  manner  this  acted,  he 
was  not  able  to  make  out  satisfactorily  to  science.  His  demonstra- 
tion that  it  was  so,  is  important,  which  was  that  if  water  flow  out  of 
a  vessel  through  a  hole  in  a  thin  plate  under  an  exhausted  cylinder 
of  an  air-pump,  that  it  flows  at  the  same  rate  as  in  the  open  air. 
But  that  if  a  conic  pipe  be  added  to  the  vessel  in  air,  tlie  outflow  is 


/.  In  Venturi's  experiment,  important  as  it  was  as  a  matter  of  fact, 

he  had  in  no  way  removed  the  difficulties  that  were  felt  by  earnest 

pliilosophers  at  the  time,  in  showing  how  the  pressure  of  the  air 

might  be  a  cause  of  acceleration  of  the  outflow  from  a  conical  tube, 

as  the  area  of  aerial  resistance  was  clearly  greater,  it  appeared  rather 

that  from  this  cause,  the  outflow  should  liave  been  less.     But  the 

greatest  difficulties  that  were  felt,  were  that  Venturi's  experiment 

demonstrated  a  fact  that  appeared  to  be  contrary  to  all  principles  of 

frtctional  resistance  of  fluids  by  solids,  which  were  conceived  to  be 

gliding  motions,  in  that  in  his  experiment,  by  incrcashig  the  area  of 

surface  of  resistance  to  the  flowing  stream,  which  was  evidently  done 

by  adding  a  conical  pipe  to  the  outflow,  the  total  resistance,  as 

measured  by  the  increased  outflow  of  water  from  the  pipe,  was 

decreased.  Whereas  the  resistance  ought,  by  principles  of  plus  surface 

adhesion  and  friction,  from  the  larger  surface  exposed  to  gliding 

motions  of  the  liquid  moving  in  the  stream  lines,  which  Venturi 

odierwise  fully  accepted,  as  his  discussion  of  lateral  communication 

of  oiotion  show,  to  have  caused  the  resistance   to  be  materially 

increased,  and  the  outflow  to  be  thereby  proportionally  less. 

A  To  return  to  our  proposition.     It  will,  I   presume,  be  easily 
from  previous  demonstrations  of  principles  of  whirl 
\,  ataX.  with  a  conical  pipe,  that  would  represent,  the  form  of 
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I  plane  of  inrraction  of  a  liquid,  or  more  correctly  that  i 
)id  of  persistion,  that  if  the  divergence  of  this  conoid  wei 
t  the  whirl  systems  induced  and  impelled  by  released  ela 
a  previously  cramped  system,  moving  upon  the  plane  cono 
ition,  made  an  exact  half-revolution  on  themselves  upc 
i  plane,  that  perfect  rolling  contact  would  be  assured,  ar 
rientum  of  the  flowing  force  and  released  elasticity  wou 
;rved  in  the  rotational  system.     That  this  is  so,  I  will  nc 
ur  to  prove  by  experiment. 

■  the  investigation  of  the  motive  principles  ofVenturi's  coi 
;d  the  same  construction  of  shaped  pieces  of  wood  cementi 

plates  of  glass,  as   previously  described,   which   may  1 
ed,  as  before,  to  isolate  a  longitudinal  diametrical  sectii 
rrent   under  greater    although  equally  distributed   latei 
:es.     For  this  1  constructed  a  flat  tube  that  at  the  entran 
uarter  of  an  inch  square,  the  two  opposite  sides  of  whi 
ide,  by  the  form  of  the  slips  of  wood  used,  to  give  t 

cavity  a  convergence  outwards  so  as  to  produce  a  chanr 
light  trumpet  shape  for  the  one  section  only;  the  oth 
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r  the  fonvard  resistance,  and  to  render  the  motion  slower,  following 
tile  same  principles  as  before  discussed.  For  this  object  I  reduced 
the  space  of  outlet  at  the  outward  edge  of  the  conoid  towards  B  by 
maidng  it  one-eighth  of  an  inch  only  in  depth,  retaining  the  quarter 
of  inch  square  inlet  at  A,  as  before  —  the  plan  of  the  apparatus 
being  as  that  shown,  Fig.  1 15. 

i.  With  this  apparatus,  having  first  stirred  some  coffee-grounds 
in  a  supply-ctstem,  and  permitted  the  mixture  to  flow  through  the 
cone,  the  motions  of  the  particles  as  they  passed  out  in  the  current 
Could  be  clearly  followed,  the  general  directions  of  which  were  as 
follows: — The  central  stream  flowed  outwards  to  constantly  increas- 
ing area,  following  fairly  a  general  direction  intermediate  between 
that  of  the  axis  and  the  outline  of  the  sides  of  the  cone;  whereas 
*he  nearer  side  water  was  more  and  more  deflected,  until  at  near 
the  borders  of  the  current,  perfect  whirl-systems  were  developed, 
*nd  the  particles  of  coffee  were  seen,  as  shown  in  the  engraving, 
whirling  with  great  velocity,  in  the  direction  calculated  to  pull 
■orward  the  central  current. 

/.  The  above  experimental  contracted  cone,  from  the  resistance 
°f  the  adhesion  of  the  water  to  the  flat  sides  of  the  glass,  must  not 
**e  observed  for  production  of  an  absolute  acceleration  of  the  entire 
stream,  but  for  increasing  local  resistance  to  render  the  actual  motion 
^htch  occurs  in  a  cone  visible  at  the  most  free  surfaces,  and  to  show 
^c  mode  in  which  acceleration  is  attained  when  the  motive  forces 
**"e  more  free  from  restraint,  as  in  a  complete  cone  of  circular  sec- 
tion. 

m,  I  have  before  observed  (72  Remarks,  c,  p.  200)  that  theoreti- 
*^ally  the  cone  of  Venturi  should  exactly  follow,  or  be  only  in  sl^ht 
^^cess  of  divergence  from,  the  outline  of  the  plane  of  infraction  in 
*  freefluidof  equal  density  to  the  fluid  projected.  The  angle  of  diver- 
gence should  also  bear  some  proportion  to  the  velocity  of  the  cur- 
rent, and  possibly  to  the  plane  of  easy  fracture  of  the  fluid.  I  have 
'tot  had  time  to  follow  this  matter  as  I  at  first,  intended,  but  I  make 
Out  from  experiments  of  Venturi  and  Eytelwein  that  this  is  at  least 
»l«Lrly  the  case.  In  the  exact  form  of  exit  given  by  the  plane  of 
■^fraction,  which  is  largely  dependent  upon  elastic  reaction  expan- 
tions,  the  loss  of  volume  at  exit,  from  a  properly  formed  cone, 
diould  not  much  exceed  the  theoretical  discharge  of  free  projec- 
tt  half  the  pressure  due  to  the  height  of  column,  in  the  supply 
•*,  as  given  in  32  prop,  u,  pag^  106. 
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;/.  The  direction  of  the  efflux  from  a  cone  being  thrown  by  the 
whirl  force  transversely  to  the  line  of  motion,  the  velocity  of  efflux 
is  by  this  cause,  as  well  as  the  reaction  of  elastic  compression,  in 
inverse  ratio  to  its  additional  volume  of  efflux.  This  is  also  the 
case  with  a  short  pipe  added  to  a  simple  aperture.  This  fact  is 
important  to  be  observed,  since  we  do  not  obtain  any  new  force  by 
the  addition  of  a  cone  or  pipe,  greater  than  from  a  hole  in  a  thin 
plate;  this  would  be  impossible,  but  only  greater  volume  at  less 
velocity.  The  momentum  of  the  central  flowing  force  in  this  case 
loses  the  conserved  elastic  energy  shown  32  prop,  c,  the  elastic  forces 
being  directed  into  whirl  motions  that  overcome  the  near  resistances 
simply.  Thus,  if  we  project  a  jet  from  a  thin  flat  plate  vertically, 
it  rises  in  the  air  to  nearly  the  height  of  the  reservoir  by  which  it  is 
supplied ;  but  if  from  a  cone,  it  simply  overflows  at  less  than  half 
this  height,  as  before  discussed. 

o,  A  supported  conoid  of  persistion  is  equally  effective  in  permitting 
a  larger  outflow  of  air  to  that  shown  for  water.  We  should  conclude 
this  from  other  experiments  wherein  motive  equivalence  of  air  and 
water,  or  other  liquids  and  gases,  are  found  to  hold.  It  is  unneces- 
sary to  give  the  experiments  I  have  made  for  my  own  satisfaction, 
to  show  that  this  is  the  case  in  this  as  in  all  other  instances.  The 
principle  of  making  the  outflow  aperture  of  the  form  of  a  conoid  of 
persistion  is  largely  made  use  of  and  understood  practically,  although 
not  theoretically,  for  the  forms  of  horns  and  speaking-trumpets, 
wherein  I  find  a  greater  angle  of  aperture  is  generally  taken  than  I 
should  imagine  necessary  for  simple  facility  of  outflow  of  the  breath. 
This  matter,  however,  is  complicated  in  cases  of  air  motions  in  cones 
where  sounds  are  produced  with  other  principles  which  cause  the 
vibrations,  as  observed  by  Young  in  free  jets,  that  I  may  at  a  future 
time  discuss  for  the  conditions  of  sound  motions.  Further,  the 
point  is  not  very  material,  for  practice  has  possibly  discovered  truer 
angles  for  horns  and  speaking-trumpets  than  my  theory  could 
suggest 

86.  Proposition:  //  the  conoids  of  impression  and  of  persistion 
formed  by  the  projection  of  a  flowing  fltiid  force  be  both  supported  by 
near  solid  matter^  so  as  to  remain  static  or  fuarly  so,  t/te  flowing  force 
will  tJien  escape  in  the  plane  of  infraction  only,  and  be  deflected  to  make 
rolling  contact  upon  the  supported  conoid  of  persistion  at  an  angle 
greater  than  go  degrees  to  the  direction  of  original  projection. 


\' 
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a.  This  proposition  indicates  that  a  flowing  force  will  continue  in 
a  plane  of  infraction  when  this  is  once  opened,  if  this  plane  be  sup- 
ported by  a  certain  rigidity  in  both  the  conoid  of  persistion  and 
the  conoid  of  impression;  ai;id  that  the  flowing  force  will  be  deflected 
towards  the  rigid  conoid  of  persistion.  So  far,  this  would  be  evi- 
dent from  the  previous  demonstrations,  as  it  must  be  so  deflected 
to  make  rolling  contact  upon  the  conoid  of  persistion;  the  projec- 
tion being  also  accelerated  by  elastic  compression  upon  the  conoid 
of  impression  {j6  prop.).  We  have  now  therefore  only  to  consider 
the  amount  and  nature  of  the  deflection  of  the  current  where  it  is 
set  free  at  exit  This  is  important  for  some  cases,  which,  by 
generally  accepted  principles  of  fluid  projection,  have  proved 
anomalous. 

b.  It  was  observed  by  Clement  D&ormes^  that  steam  at  high  pres- 
sure issuing  from  a  large  hole  in  a  plate  would  cause  a  light  free 
body  that  covered  the  hole  to  adhere  to  the  plate;  that  the  steam 
would  issue  from  the  edges  of  the  plate,  but  the  plate  would  not 
be  thrown  off  by  the  internal  pressure  of  the  steam,  although  this 
was  much  greater  than  the  exterior  pressure  of  the  air.  The  same 
phenomenon  was  observed  with  a  pressure  of  air.^  Hachette  con- 
structed a  cylindrical  vessel  open  at  one  end  and  closed  at  the 
other.  By  blowing  through  this  it  was  found  that  a  disc  of  card 
would  adhere  to  the  aperture  against  the  force  of  the  wind.  This 
apparatus  may  be  very  well  replaced  by  a  tobacco-pipe,  or  one  of 
the  glass  pipes  used  for  blowing  soap-bubbles,  and  a  small  disc  of 
stiff  paper.  If  the  paper  be  placed  over  the  bowl  when  the  pipe  is 
blown  through,  the  disc,  instead  of  being  blown  away  from  the  bowl, 
as  would  be  anticipated  by  principles  of  direct  current  lines,  is 
apparently  attracted  to  the  bowl,  and  supported  so  as  to  flutter 
at  the  rim,  leaving  only  just  sufficient  aperture  for  the  air  to  escape. 
In  this  experiment  the  bowl  supports  the  conoid  of  persistion. 
The  stiff  paper  disc  at  the  first  instant  supports  a  conoid  of  impres- 
sion upon  which  the  issuing  fluid  forms  at  the  vertex  of  the  cone 
a  pressure,  equal  to  that  upon  the  base  of  the  cone,  as  previously 
discussed/  73  prop,  a,  and  the  air  escapes  at  the  base  of  the  cone  of 
impression,  moving  by  rolling  contact  upon  the  conoid  of  persistion, 
which  is  in  this  case  supported  by  the  solid  pipe  bowl.  Therefore  the 
projectile  fluid  is  directed  in  whirls  upon  the  surface  of  the  conoid  of 

*  Quarterly  Journal  0/  Science^  Jan.  to  June,  1827,  page  472. 

•  Quarterly  Journal  oj  Science^  July  to  Dec.  1827,  page  193. 
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■liich  whirls,  form  by  their  deflection,  currents  retumi--^ 

ith  of  original  projection,  so  that  these,  as  the  roULs: 

Itiniies  with  the  adhesive  force  of  air  to  the  solid  cones 

In,  draw  the  stiff  paper  in  the  line  of  the  inward  dir^ 

whirls.     And  although  the  pressure  upon  the  conoid 

is  pressing  the  disc  forward,  the  adhesion  of  the  whia 

i)orted  conoid  of  persistion  is  the  superior  force  by  tB 

m(  rolling  contact  given  by  the  whirl  system. 

Ifound  in  this,  as  in  other  cases,  that  the  same  phenomen 

ftctly  reproduced  in  water,  as  in  air;  and  as  the  motioH 


b  visible,  1  will  give  the  mode  of  production  of  expcri- 
Bence  of  the  same  as  follows: — 

fatus  is  made  by  fixing  a  glass  pipe,  such  as  is  used  for 

tp-bubbies,  firmly  on  a  stand;  a  disc  of  talc  is  cut  of  a 

■  diameter  than   the  outer  rim  of  the  bowl.     This  is 

'  a  wooden  beam,  upon  one  end  of  which  the  disc  is 
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ptte  full.  Fig.  1 19,  when  by  the  crowding  of  the  water  by  enlarge- 
ment of  the  whirls  these  will  finally  press  the  disc  off  and  let  part 

AAA. 


f^  118. — ExpoimeDI 


Fig.  119.— Eiperinwdl. 


of  the  water  out,  so  as  to  recommence  the  projection  of  the  whirls 
as  before. 

rf.  The  direction  of  the  flowing  fluid  after  it  suffers  the  deflection 
by  the  conoid  of  impression,  in  the  experiment  just  given,  will  be 
thrown  at  first  at  right  angles  to  its  original  projection;  and  as  this 
follows  the  plane  of  resistance,  that  is,  the  surface  of  the  loose  disc, 
it  will  support  this  disc  by  adhesion  of  the  fluid  to  it  as  a  part  of  the 
effect,  irrespectively  of  the  after  inward  deflection  of  the  same  jet 
upoQ  the  supported  conoid  of  persisUon.  This  adhesion  we  know 
by  experiment  with  water  is  a  considerable  force,  as  shown  by  trac- 
tional  systems  discussed  prop.  34  and  35.  I  also  anticipate  that  it 
is  so  also  in  air  and  gases,  as  I  only  admit  repulsive  forces,  as 
<^rent  effects,  from  the  impressions  of  the  elastic  surface  of  the 
flexible  molecules,  which  form  the  gas  (4  prop.). 

86.  Proposition  :  If  a  flowing  force  meet  such  a  form  of  solid 
mislartce  as  that  represented  in  contour  by  a  conoid  of  persislion,  tfte 
Jawing  fluid  taking  an  opposite  direction  to  that  given  in  85  prop., 
that  is,  entering  from  the  base  and  moving  to  tfte  vertex  of  the  conoid; 
tktn  the  greater  part  of  the  mass  of  flowing  force  will  be  resisted  by 
Ae  solid  conoid,  but  the  central  or  a:iial  area  of  the  flowing  force  will 
hacceleraUd. 

a.  By  the  principles  of  whirl  force  already  discussed  as  being 

active  in  an  tnclosure  of  a  solid  cone  of  which  the  motion  of  a  liquid 

fal  Venturi's  tube  is  an  illustration,  I  have  observed  that  in  this  case, 

Ae  accumulated  activity  of  the  central  area  of  the  cone  is  deflected 

^riiirl  motion,  in  which  the  direct  force  of  projection  of  the 

«n«tiOR  of  the  current  is  lost,  as  just  shown,  84  prop.  n. 

»e  reverae  this  mode  of  motion,  that  is,  reverse  the 


e  of  a  ciiae;  the  ccnC^^^ 
ft  is  aafetfed  imB  Ac  ssie  Rszstancc  ^^ 
•  fam  faip  CBme^  «Utb  to  readi  'C^'^^ 
a  ABfaKhcfartaeadeicd  at  <^^^ 

^^tfe  Milfc  rf  tf^hatm  cone,  up-"^^" 

C  wftads  bad  made  oootoc^  aad  wcnc  Fctunu:''*^ 
poB  AoBsdics,  the  «Uds  vould  be  at  fi*^^ 
■   cMicat   fiorwaid,  and   dkcn    to    set    it  (t^^^ 
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mall  acceleration  of  the  central  axis  of  a  current  in  all  cases,  irre- 
spectively of  many  interfering  causes. 

r.  The  absolute  motion  here  proposed  may  be  shown  experi- 
mentally by  causing  a  broad  stream  to  contract  to  a  narrow  one  by 
reversing  the  inflow  into  the  same  sectional  conoid  as  that  shown  at 
^^S'  iiS>  page  238.    The  same  apparent  disposition  of  whirls,  upon 
the  surface  of  the  cone  will  be  observed  in  the  motion  of  coffee 
grounds  in  water,  as  was  shown  in  that  experiment;  the  result  being 
that  the  central  current  will  be  accelerated  somewhat  above  the 
original  initial  velocity  of  the  current  before  entering  the  conoid.  The 


A     W»^.  .■*--:'-=^^=^E^fP^^- ■  - '^^^^us^ 


Fig.  I90. — Ex. — Liquid  entering  a  Conic  Area. 


"^^^rrnal  section  of  which  in  this  case  should  be  parallel  as  described, 
^4-  prop.  i.    The  above  diagram  represents  this  principle  of  motion ; 
-'^  to  B  being  the  direction  of  the  flowing  force.     The  central  pro- 
J^ction  in  this  case  must  not  be  looked  upon  as  an  elastic  compres- 
sion which  could  act  by  any  means  normal  to  the  direction  of  the 
Current;  as  in  this  case  the  greatest  normal  pressure  is  where,  by 
^e  freedom  of  space,  the  lateral  whirls  are  most  developed,  that  is, 
towards  the  opening  of  the  cone.     The  whirling  motion  is  quite 
visible  by  the  rapid  rotation  of  particles  quite  up  to  the  open  vertex 
of  the  conoid. 

d.  There  are  some  incidental  circumstances  which  render  this 
form  of  cone  a  vehicle  for  the  collection  of  sound,  which  I  may 
discuss  at  some  future  period. 


CHAPTER   VII. 

■  of  conic  resistance,  tractional  forces,  ROTA- 
)  intermittent  action  in  the  passage  of  fluids 
i  the  parallel  spaces  of  pipes,  channels,  jets, 

RENTS. 


linary  observations — Pipes  and  Channels. 

Ing  the  surfaces  of  resistance  to  cause  deflections  of 

Bwithin  a  fluid  flowing  through  a  pipe  or  channel  upon 

j"  rolling  contact  discussed  in  the  fourth  chapter.     We 

Jiagine  that  by  the  conditions  present,  if  such  motions 

Id,  that  they  will  be  excessively  cramped,  particularly 

or  channel  is  of  small  diameter.     Further,  if  we 

Incans  imagine,  that  there  arc  present  in  the  projection 

)ugh  pipes,  active  elements  of  conic  resistance,  of  the 

a  in  cases  of  projection  of  fluids  in  more  free  areas, 

I  have  given  demonstration  in   the  last  two  chapters; 

Be,  the  whirls  formed  by  the  resistances  will  be  also 

Iramped  and  dcfornned  by  deflections  from  the  restric- 

Further,  for  the  possible  formation  of  whirls  in  pipes, 

,  the  influence  of  direct  head  resistance  in  the  fluid 

■active  cause  of  deflection,  as  it  was  shown  to  be  in  open 

psistances  in  a  pipe  being  evidently  principally  lateral. 
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a  liquid  moving  upon  the  surface  of  resistance  by  which  rolling 
contact  is  assured,  giving  freedom  to  the  central  area  of  a  pipe,  may 
be  made  out  without  much  difficulty;  but  our  difficulties  do  not 
by  any  means  end  here,  in  that,  as  soon  as  we  have  a  continuous 
flowing  fluid,  we  have  then  to  consider  tractional  forces  active 
upon  it,  supported  by  the  adhesion  of  the  liquid  to  the  pipe  or 
channel.  Taking  the  whole  matter  which  experiment  has  in- 
duced mc  to  follow,  I  have  found  the  demon.stration  of  the  motion 
of  a  fluid  in  a  pipe  more  difficult  than  any  other  form  of  fluid  motion 
I  have  endeavoured  to  investigate.  Therefore,  in  this  discussion  for 
the  elucidation  of  principles,  I  shall  be  compelled  to  offer  in  many 
cases  purely  theoretical  ideas;  finding  for  them  only  such  incidental 
experimental  demonstrations  as  I  am  able. 

i.  To  make  my  ideas  of  the  principles  of  fluid  motion  in  parallel 
spaces  as  clear  to  conception  as  possible,  upon  the  above  suggestions, 
"le  conditions  of  fluids  flowing  through  such  spaces  may  be  con- 
veniently discussed  under  separate  heads. — i.  That  a  particle  of  the 
lowing  fluid  will  be  resisted  in  its  forward  motion  by  conic  areas  of 
resistance  upon  principles  discussed,  58  prop.  2.  That  a  particle,  as 
a  portion  of  a  cohesive  system  of  matter,  will  be  withheld  by  the 
traction  of  following  parts,  and  by  all  adhesive  surfaces,  34,  35  prop. 
3-  Tbat  a  fluid  necessarily  makes  rolling  contact  on  solid  surface, 
itxm  its  infinitely  mobile  or  jointed  system,  46  prop.  4.  That  all 
accommodations  occur,  that  are  possible,  in  a  dense  material  system. 
For  the  elucidation  of  the  forgoing  conditions  I  make  the  following 
propositions. 

Forward  resistance  to  a  fluid  flowing  in  a  parallel  channel. 

88.  Proposition:  If  a  fluid  by  tlu presence  of  lateral  resistances 
be  compelled  to  flow  in  a  parallel  direction  to  planes  of  resistance,  efery 
portion  of  such  planes  will,  by  an  assumed  conic  series  of  molecules  di- 
rteted  therefroni,  offer  resistance  to  every  particle  of  the  flowing  fluid  for 
suck  distances  as  the  conic  series  of  resisting  parts  may  be  able  to  act. 

a.  A  fluid  may  flow  directly  forward  parallel  to  two  planes  of 
resistances  if  it  be  equally  distant  from  each  of  them.  This  will  be 
dear,  as  any  forces  of  resistance  on  one  side  will  be  in  equilibrium 
wiUi  those  on  the  other.  Under  these  conditions  we  may  assume 
tiiat  a  certain  central  volume  of  a  fluid  flowing  between  two  equally 
t  parallel  resistances  will  continue  in  a  direct  line  and  not  be 
1  to  flow  to  the  one  side  more  than  to  the  other. 
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b.  The  conditions  of  static  equilibrium  of  a  particle  in  a  fluid, 
given  57  prop.,  page  167,  assure  us  that  equilibrium  would  be 
perfectly  maintained  in  any  position  of  a  fluid  particle  by  assuming 
equal  conic  areas  of  pressure  to  surround  the  resting  particle,  the 
principles  of  which  have  been  fully  discussed.  Further,  that  upon 
movement'  of  any  particle  within  a  fluid,  every  conic  area  directly 
and  laterally  extending  within  90  degrees  to  the  direction  of  pro- 
jection, would  offer  some  resistance  to  forward  motion  as  offered  in 
58  prop.;  but  that  in  a  free  open  fluid  the  greatest  resistance  would 
be  where  the  most  direct  momentum  of  the  force  was  directed,  that 
is,  in  the  conic  area  in  front  of  the  projection.  In  the  present  case 
to  be  considered,  namely,  that  of  a  parallel  space,  the  local  condi- 
tions of  resistance  are  materially  different  from  those  considered  in 
the  last  chapter,  as  in  the  long  parallel  spaces  which  form  pipes, 
the  head  resistances  only  may  be  taken  to  be  nearly  the  same  as 
for  open  spaces;  the  lateral  resistances  from  adhesion  of  the  fluid 
to  the  walls  of  the  pipe  or  channel  being  relatively  much  greater 
by  the  solid  support  they  receive;  so  that  altogether  the  head 
resistance  may  be  taken  to  be  relatively  small,  and  such  conic  resist- 
ance, as  can  be  demonstrated,  will  be  derived  almost  entirely  from 
the  circumscribing  lateral  resistances ;  where  such  can  take  directive 
angles  of  less  than  90  degrees  to  lines  of  direct  impulse  of  the  fluid 
in  the  pipe,  to  be  supported  by  its  solid  walls.  In  this  manner  the 
resistance  will  be  nearly  as  the  superficial  area  of  restraint  of  the 
containing  parallel  surfaces. 

c.  Under  the  above  conditions  in  the  motion  of  fluids  in  pipes  and 
parallel  spaces,  we  have  to  investigate  the  action  of  oblique  conic  areas 
of  resistancey  which  do  not,  as  in  the  cases  previously  considered 
in  former  chapters,  form  direct  head  resistances  by  condensations 
directly  forward  of  the  projection,  but  the  condensation  caused  by 
the  force  of  projection  of  the  fluid  into  the  resistances,  may  be 
assumed  to  be  immediately  deflected,  by  the  obliquity  of  direction 
of  possible  impulse  upon  the  lateral  surfaces.  In  this  obliquity 
there  will  be,  however,  such  elements  of  head  resistance,  as  the 
continuity  of  the  solid  plane  of  resistance  will  support;  which  will 
be  greater  in  proportion  to  its  longitudinal  extent 

d.  The  values  of  the  oblique  forces  stated  above  cannot  be  esti- 
mated in  any  simple  components  of  direct  head  resistance  such  as 
might  be  assumed  to  occur  from  partial  obstruction ;  for  instance,  a 
thin  rod  crossing  a  current  would  offer  equal  direct  Juad  resistance 
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to  that  of  a  long  plane  of  the  thickness  of  the  diameter  of  the  rod 
placed  longitudinally  in  the  flowing  direction  of  the  current;  but  the 
entire  resistance  to  the  flowing  fluid  would  be  much  greater  in  pass- 
ing this  long  plane  than  in  passing  the  rod,  as  the  plane  may  be  as- 
sumed to  support  oblique  cones  of  resistance  at  every  point.  There 
is  also  the  further  condition,  that  the  force  required  for  the  displace- 
ment of  the  liquid  upon  the  plane  is  largely  dependent  upon  the 
extent  and  freedom  of  motions  of  rolling  contact  possible  to  be  in- 
duced in  the  system,  and  also  dependent  very  much  upon  the  fric- 
tion of  the  systems  of  motions  already  induced,  which  offer  greater 
resistance  at  the  entrance  of  a  plane,  where  motive  forces  of  rotation 
have  to  be  induced  than  in  its  continuity,  where  accommodations 
to  this  least  frictional  form  of  motion  are  more  fully  developed. 

e.  The  geometrical  principles  of  construction  of  conic  side  resistances 
which  act  as  modified  forms  of  head  resistances,  may  be  conceived 
by  supposing  every  particle  of  the  flowing  fluid  to  be  supported  by 
cones  of  resistance  extending  obliquely  in  front  of  the  projection  to 
the  plane  of  the  solid  walls  which  the  fluid  passes,  as  in  the  diagram 
below  (Fig.  121),  wherein  the  deflection  of  the  flowing  force,  caused 
by  conic  resistance,  is  shown  by  the  direction  of  the  arrows  in  the 
curved  line.  The  resistances  themselves  being  shown  by  the  straight 
divergent  lines  extending  to  the  plane  represented  by  the  horizontal 
line  at  the  top  of  the  diagram.    In  this  manner,  the  resistance  so  far 


Fig.  1  a  I.  — Diagram — Inflection  by  Forward  Lateral  Resistance. 

as  the  particular  cones  of  resistance,  that  are  shown  by  radial  lines 
and  assumed  to  be  directed  to  a  single  point  A,  only  are  active,  would 
cause  the  flowing  force  represented  by  the  lower  arrow  to  be  ploughed 
off"  as  it  were  from  the  general  central  stream  flowing  in  a  parallel 
line  with  the  plane  of  resistance,  so  as  to  take  divergence  from  the 
current  to  the  surface  of  resistance  as  shown  by  the  direction  of  the 
upper  arrow.  This  motive  deflection  ensuring  rolling  contact  of  the 
flowing  stream  upon  the  plane  of  resistance  by  principles  discussed 
43  prop,  d,  page  133. 
f.  The  duplication  of  such  a  system  as  that  proposed  above,  about 
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ng  one  diameter  of  a  parallel  channel,  would  be  in  every 
y  equivalent  to  the  projection  of  a  biwhirl  as  previously 

a  frci2  area.     The  impulse  acting  In  this  case  in  a  line 
:entral  axis  of  the  channel ;  except  that  in  the  previous 
jifurcation  of  the  fluid  about  the  axis,  the  whirls  were 
:  derived   from  conic  areas  of  direct  Aead  resistana; 
ic  present  case,  in  spaces  of  parallel  restraint,  the  lateral 
5  may  be  assumed  theoretically  to  act  only  equivalently 

of  oblique  cones,  so  that  their  oblique  resistances  take 
direct  head  resistances.     The  deflection  of  the  flowing 
1  both  cases  in  nearly  the  same  motive  form ;  the  current 
upon  the  same  principles  a  tendency  to  flow  outwards 
s  of  projection,  thus  inducing  motions  of  rolling  contact 
iL'sive  surfaces  of  the  channel  or  pipe. 
'lot  been  able  to  obtain  by  experiment  the  evidences  I 
.■  lateral  conic  resistance  of  a  pipe,  although  I  shall  offer 
ncc  in  other  propositions  as  I  advance,  but  I  presume 
Ltcral  evidence  I  have  previously  adduced  will  be  nearly 
nake  it  reasonable  to  accept  the  principles  now  offered 
.■  necessary  motions  of  rolling  contact,  which  are  also 

principles  of  whirl  force,  already  fully  discussed.    The 
posed  varit's  only  in  degree,  according  with  the  direction 
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with  aniline  was  now  projected  through  this  divisional  plane  from 
an  inlet  pipe  to  the  left  of  the  figure,  and  this,  by  its  intermediate 
gravity,  flowed  between  the  denser  and  lighter  fluids.  The  motions 
of  rolling  contact  were  observed  along  the  plane  which  were  par- 
ticularly evident  at  the  entrance  of  the  stream ;  and  the  angles  of 
resistance  in  the  planes  were  indicated  by  deflections  upon  the  lat- 
eral resistances.  There  are,  however,  complications  in  this  experi- 
ment that  I  hope  to  clear  somewhat  by  future  propositions. 

Resistance  of  parallel  channels  by  adhesion  and  cohesion 
of  the  flowing  fluid  normal  to  the  moving  parts. 

84  Proposition  :  T}tat  tlie  cohesive  forces  of  a  fluid  vioinngpast  a 
pardUl plane  of  resistance  either  solid  or  fluid,  ivill  deflect  the  flowing 
p<fiicUfrom  its  direct  course  in  such  a  manner  that  the  deflected  fluid 
near  the  surface  of  resistance  will  be  moved  in  a  retrograde  direction 
to  tkfiowing  force,  but  the  deflected  parts  -will  be  again  drawn  into 
1^  direct  flowing  stream  through  a  cycloidal  curve  by  traction. 

a.  In  this  proposition  I  follow  only  the  conditions  of  a  fluid  in  its 
properties  of  cohesion,  and  of  adhesion  to  a  lateral  prescribed  chan- 
nd  diroughout  the  distance  that  the  fluid  is  assumed  to  move.  The 
forward  parts  of  any  moving  fluid  may  be  assumed  to  resist  by  co- 
hesion equally  with  the  backward  parts  previously  considered  for 
traction,  34,  35  props.  An  equally  cohesive  system  will  move  gener- 
%  upon  its  centre  of  inertia  by  forces  impressed  tangentially  to 
iiy  part  I  will  now  most  particularly  consider  the  functions  of 
tncCion  through  adhesion  and  cohesion  active  upon  resistances  nor- 
"■sl  to  the  motive  direction  of  the  central  particle  in  a  current 

i-  If  we  extend  cones  of  resistance  in  the  manner  proposed  in 
the  last  proposition  shown  in  the  diagram.  Fig.  121,  and  take  conic 
"Ws  of  resistance  to  extend  forward  of  a  moving  particle  by  the  gen- 
*falcohesionof  the  mass  of  which  it  forms  a  part,  every  portion  of  the 
fluid  will  then  resist  every  other  part,  if  it  is  moved  against  it,  and 
*Wy  lineal  or  other  series  of  particles  in  any  direction  that  can  be 
*q>irately  taken  will  be  held  together  by  cohesive  forces  extending 
to  every  point  of  resistance;  therefore  the  point  of  resistance  shown 
•t  A,Fig.  121,  although  not  of  greater  resistance  than  any  other  point 
of  Ae  system  of  the  fluid  at  equal  distance  from  the  static  plane 
"ttappott,  may  be  conceived  to  act,  as  far  as  its  force  of  resistance 
I  a  fulcrum  of  resistance  to  every  other  lineal  series,  or  conic 
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ciilcs  that  extend  in  any  direction  over  this  point,  tliat  1 
by  the  general  mass  cohesion  of  the  fluid  system.          fl 
eoretical  views  of  fluid  resistance  may  be  partly  shown  ■ 
■ing  figure  in  which  I  will  take  lineal  resistances  aS   ' 
c  ones  for  simplicity: — 

J 

"\ 

^  . 

Kig.  113.— Duifram  □{  Cohislan  under  Tangentiil  Action. 

epresent  a  static  surface  against  which  the  intervening 

ng  cohesive  forces  adheres  and  reposes,  reaching  with 

nishing  force  of  cohesion  to  the  lineal  plane  Z  Z'. 

■  represent  a  moving  force  acting  upon  the  intervening 

en  its  own  plane  and  Y  Y',  and  let  the  matter  between 

Y'  and  Z  Z'  be  adhesive  to  these  planes,  and  cohesive 

s. 

e  a  cone  of  resistance  whose  oblique  base  is  upon  the 

i  Y'  extending  to  the  point  c,  its  vertex, 

ve  take  one  transverse  lineal  scries  of  molecules  in  the 

ivc  system  of  matter  in  the  interspace  Y  Y'  to  Z  Z",  as 

ted  by  the  line  a  b,  and  take  our  point  of  resistance  as 

',  then  if  this  rigid  line  be  deflected  by  flowing  force 

■ 

nM-  DEFLECTION   UNDER   COHESION.  253 

as  a  cohesive  system  moving  upon  its  axis  of  inertia  supported  by 
the  general  resistance  of  the  water. 

<  Following  the  conditions  of  the  above  construction,  and  further 
assuming  the  termination  of  the  lineal  molecular  series  at  a  to  be 
adhesive  to  the  line  Y  Y',  then  the  quantity  of  motion  represented 
in  the  figure  from  a  to  a'  in  the  last  diagram  could  not  occur  unless 
the  rigidity  of  the  molecular  series  could  break  asunder  the  adhesive 
force  of  the  assumed  rigid  system  at  this  point  a;  that  is,  if  the 
adhesion  were  greater  at  a  than  that  of  the  rigidity  of  the  lineal 
series ui  in  itself.  In  this  case  the  lineal  series  of  molecules  ad 
would  be  6en(  by  the  force  acting  from  i  to  6'  over  the  fulcrum  c, 
sdll  assumed  an  immovable  axis  of  inertia. 


Rg,  la*— Dugnrn  of  Normal  Dtilcclion  under  Adhcyioii 

i'  Now  if  we  consider  the  line  of  static  force  first  taken  and  repre- 
sented by  a  lineal  molecular  series  d  ^  as  >ioi  in  this  case  perfectly 
i^'d,  but  of  certain  elastic  flexibility,  as  shown  in  the  figure  above 
by  the  line  from  u  to  i',  and  assume  the  point  or  end  of  the  lineal 
.  series  at  a  adhesive  upon  YY'.      Then  we  may  taUc  this  lineal 
I     scries  to  be  resisted  as  before  by  the  point  of  the  arrow  c,  as  an 
axis  of  inertia  which  takes  the  place  of  the  cone  in  the  previous 
di^rram:  and  the  movement  of  the  flowing  force  from  d  to  d'  on 
ZZ'  acting  upon  this  elastic  lineal  series  ad'  would   deflect  the 
lineal  series  at  some  point  between  the  point  of  the  arrow  c  and 
0,  in   the  opposite  lineal  direction  to  that  of  the  flowing  force, 
moving  from  Z  to  Z',  giving  a  minus  velocity  to  a  parallel  of  the 
stream  as  represented  by  the  arrow  d,  near  the  static  surface  Y  Y'. 

h.  In  the  above  construction  it  is  quite  clear  that  no  fluid  could, 
as  a  free  system,  offer  a  single  point  of  resistance  or  axis  of 
inertia,  as  in  the  supposition  taken  for  a  rigid  molecular  scries.  But 
if  we  suppose  the  whole  mass  of  an  incompressible  liquid  inter- 
poaed  between  two  planes,  and  that  the  liquid  is  static  upon,  or  in 
motion  upon  one  ef  Ikese  planes,  as  that  of  Y  Y',  forming 
uS  resistance  supported  by  this  plane,  and  that  the  moving 
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force  acting  upon  this  system  is  in  the  plane  Z  to  Z'  only,  th( 
every  point  normal  to  the  lineal  series  represented  by  the  line  a  to 
may  be  considered  as  a  point  of  resistance  to  the  moving  foi 
assumed   to  be  adhesive  upon   the  static  mobile  system  repr^^^ 
sented  by  the  intervening    incompressible  liquid   and   its  stat^ 
adhesive  plane. 


V 

» 

-<                          £tf    M 

mm  r' 

1 

^ 

Fig.  125. — Diagram — Static  Resistance. 


Fig.  za6.— Diagram— Motive  Rest 


/*.  Let  the  points  of  an  infinite  series  of  resistances  upon  th^^  ^ 
^  to  ^  be  represented  by  the  three  arrows  cc'  c*^  Fig.  125,  and  as^  ^^ 
the  intervening  space  between  the  lines  Y  Y'  and  Z  Z'  to  be  2^  jj  . . 
or  system  possessing  a  certain  mass  cohesive  flexibility;  theiK.    g^  . 
parallel  plane  of  resistance  will  suffer  a  certain  deflection  i-j^  ^ 
vertical  series  of  molecules  by  the  movement  of  one  of  the  ^^rallel 
planes,  as  that  of  Z  to  Z',  for  a  distance  parallel  to  itself  upon  the 
intervening  space  between  ZZ'  and  YY'.     Let  Fig.  125  above  r^. 
present  such  a  system  as  that  described  before  movement,  and  let 
Fig.  126  represent  the  lineal  deflection  after  a  movement  of  the  line 
Z  Z'  to  the  distance  6  b\     Then  will  the  lineal  series  a  b^  taking  a 
line  of  flexure  about  the  unstable  fulcrum  of  resistance  represented 
by  the  point  of  the  arrow  c^  deflect  by  its  cohesive  elastic  force  the 
contiguous  stratum  c'  in  the  series  to  the  point  of  the  arrow  c.  This 
again  will  deflect  the  lineal  elastic  series  about  the  point  of  the 
arrow  d  to  the  point  of  the  arrow  r,  and  this  again  continuing,  the 
deflection  about  the  point  of  mobile  resistance  c  will  complete  the 
curve  at  a,  this  last  being  a  minus  deflection  from  the  direction  of 
the  flowing  force  ^  to  ^  as  it  was  directed  in  Z  Z',  upon  the  plane 
assumed  to  be  static  by  adhesion. 

y.  In  the  above  cases,  if  we  follow  the  deflected  lines  upon  the 
diagrams,  we  may  observe  that  we  have  taken  the  conditionsof  flexur 
only;  but  if  we  consider  the  same  cohesion  to  be  maintained  in  th 
deflected  line,  so  that  a  point  of  our  lineal  series  in  moving  upon  tl 
resistances  carries  forward  the  lineal  series  of  molecules  it  deflec 
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tith  a  certain  constant  force  derived  from  the  flowing  force,  then 
the  lateral  parts  will  be  drawn  into  the  flowing  system  in  the 
flexure  lines  shown  in  the  diagram.  Fig.  126,  by  the  curved  line 
a  to  i'.  The  above  construction  that  I  have  given  for  matter  moved 
in  molecular  lineal  series  perpendicular  to  the  flowing  force,  with 
fulcra  of  resistance  by  adhesion  laterally  towards  the  head  of  such 
force,  may  be  equally  applied  in  principle,  or  extended  in  lineal 
scries  to  any  angle  of  direction  from  the  central  axis  between  the 
planes  of  resistance,  or  if  the  area  be  such  that  the  solid  resistance 
may  be  taken  to  be  at  infinite  distance  with  respect  to  any  solid 
parallel  of  the  same  fluid,  then  the  inertia  of  the  lateral  fluid  may 
le  conceived  theoretically  to  produce  a  static  plane  relatively  to  the 
impression  of  the  flowing  force,  in  every  case,  with  equal  results. 
Further,  the  fulcra  taken  to  be  axes  of  resistance  supported  by  fluid 
matter  fonvard  of  the  projection,  may  with  equal  demonstration  be 
titen  to  be  fulcra  of  resistance,  tied  or  supported  by  the  general 
cohesion  of  the  material  system  by  traclion  upon  matter  backward 
of  the  projection.  In  either  case  the  amount  of  the  flowing  force 
*ill  constantly  deflect  any  lineal  projection  upon  lateral  axes  of 
fierti'a  by  resistances  directed  towards  central  areas  of  motion, 
wd  thus  assure  the  same  principles  of  traction  lines  by  a  general 
^em  of  cohesive  resistances.  This  connects  the  principles 
previously  discussed  in  35  prop.,  as  shown  (/,  page  118,  with  the 
present  proposition.  What  experimental  evidence  I  am  able  to 
produce  for  this  proposition  1  will  defer  until  the  next. 

Conditions  of  rolling  contact  of  a  fluid  in  a  pipe  or  channel. 

90.  Proposition;  That  fluids  flowing  in  restricted  areas '^uUl  be 
able  to  fnaintain  an  af^arent  conttjiuous  central  flow  under  conditions 
ef  deflection  and  cohesion,  by  rolling  contact  upon  the  resistant  sur- 
/aces  by  separating  into  motive  units,  or  separate  systems  of  motion,  in 
wOuA  the  principles  s/town  in  the  two  last  propositions  will  be  com- 
bined. 

a.  When  we  compare  the  motive  lines  considered  in  the  last  two 
propositions,  we  see  at  once  direct  antagonism  of  motive  direction 
of  flexure  in  the  single  unit  of  motive  fluid.  That  whereas  at  every 
instant  the  projectile  forces  of  the  centra!  current  when  moving 
upon  lateral  resistance  will  project  the  force  radially  forward,  as 
in  other  conditions  of  biwhirls,  previously  considered  in  88  prop., 
diat  on  tlie  other  hand  the  principles  of  cohesion  of  the  mass  sys- 
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d   to  deflect   the   lines  of  force  radially  backwards,      1 
L-  also  observe  that  by  the  principles  of  central  pro-     1 
hirls  deflect  the  fluid  matter  from  the  centra!  axis  «f     1 
wards  the  sides  of  the  channels,  as  previously  demo""     1 
c  one  case;  whereas  by  the  principles  of  traction  tl>*     1 
are  drawn  towards  the  central  axis  in  the  other,     *'     ] 
these  systems  again  by  lines  about  a  single  point  ^ 
a  plane,  they  may  be  reproduced  as  in  the  foUowr^* 

Fig,  laj— Diagram— Inwimiiienl  Action. 

,  127)  o"  the  plane  Y  V  represent  any  point  of  resist- 
ving  force,  moving  in  the  direction  Z  to  Z'. 
e  line  of  flexure  from  *  to  «  would  represent  the  line  oi 
of  a  projectile  unit  of  fluid  projected  from  l>  towards  6' 
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n  fn  the  diagram  at  a,  Fig.  1 27,  by  the  continuity  of  one  line  of 
fiexure  from  b  to  b'. 

c.  The  system  of  motion  offered  above,  which  relates  particularly 
to  areas  of  restraint,  will  be  a  cycloidal  system  derived  from  whirl 
projections  re-entering  the  flowing  system  by  tractional  forces. 
There  is  no  doubt  there  may  be  great  dif^culty  in  conceiving  so 
intricate  a  system  as  that  proposed  above,  but  its  reality  appears  to 
be  most  consistent  with  my  theoretical  deductions  and  observa- 
tions of  areas  of  restraint. 

d.  For  the  conditions  under  which  flowing  forces  moving  against 
resistant  surface  may  be  induced  to  divide  into  separate  motive 
systems,  which  are  necessary  to  support  the  conditions  just  offered, 
*e  may  conceive  that  deflections  of  central  forces  into  whirl  systems 
will  always  have  directive  tendencies  to  complete  their  whirls,  unless 
these  motions  are  resisted  by  superior  forces  (83  prop,),  so  that  by 
this  principle,  motive  forces  in  fluids  acting  upon  lateral  surfaces 
where  whirls  are  engendered  by  the  resistance,  there  will  always  be 
the  disposition  to  divide  the  flowing  fluid,  to  complete  separate  whirls, 
*long  the  plane  of  resistance,  as  closely  as  the  mobility  of  the  fluid 
system  will  permit  If  this  were  not  so,  supposing  the  adhesion  of 
the  fluid  to  any  surface  to  be  great,  it  would  not  flow  unless  urged 
ly  force  sufficient  to  entirely  overcome  the  adhesion  present 

t.  Further,  by  cohesion,  a  traction  will  be  directed  from  the  adhe- 
ave  surface  of  a  solid  to  every  motive  part  of  a  fluid  system  near  to 
%  so  that  the  position  of  the  reflex  motion  of  rolling  contact  of  a 
whirl,  alter  completion  of  a  semi-rotation  upon  a  surface,  will  be 
again  directed  towards  the  axis  of  motive  traction  in  the  area  of 
restraint,  and  be  free  to  follow  the  traction  by  the  cohesive  forces  in 
a  central  current  Therefore  a  flowing  fluid  will  be  in  unstable 
equilibrium  in  moving  forward  upon  a  surface  of  resistance,  and 
will  divide  where  the  direction  of  the  angle  of  deflection  by  induced 
iriiirl  motions  produces  a  greater  strain  upon  the  direct  motion  of 
the  fluid  in  any  part,  than  its  cohesive  force  can  withstand.  The 
divided  parts  in  whirl  systems  will  upon  these  principles  be  exten- 
sive if  the  pressures  are  small,  so  that  the  whirl  action  is  free;  but 
nuy  be  very  close  where  the  system  is  cramped,  to  cause  rapid 
deflection  by  near  resistances. 

^  If  we  can  assume  the  action  of  a  flowing  fluid  upon  resistances 
to  be  intermittent,  as  suggested  by  our  proposition,  the  difliculties  of 
■ooounting  for  the  separation  of  the  cohesive  forces  of  forward  parts, 
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to  permit  the  flow,  becomes  almost  infinitely  less  than  could  possibly 
be  conceived  for  gliding  planes  of  molecular  displacement,  in  any  pos- 
sible system  of  cohesive  matter  whatever.  It  may  further  be  con- 
ceived, by  the  principles  now  suggested,  that  by  separating  the  units, 
the  whirls  will  be  thrown  out  more  freely  from  the  instant  eflfects  of 
conic  resistance,  exactly  as  the  whirl-rings  in  Prof.  Tait's  experi- 
ment, described  6y  prop,  e,  have  projectile  force,  whereas  constant 
systems  are  static  in  space,  73  prop.  ^,  so  that  a  flowing  fluid  may 
become,  as  regards  its  projection,  exactly  as  a  close  series  of 
such  whirl-rings.  Upon  this  principle,  as  the  projectile  fluid  that 
forms  the  separate  whirls  is  assumed  by  necessity  to  be  compelled 
to  return  the  fluid  projected  by  deflection  to  the  central  system,  so 
we  may  imagine  that,  by  the  effort  of  the  projection,  the  whirls  upon 
contact  with  the  resistant  parallel  surface  will  make  rolling  contact, 
and  that  they  will  be  instantly,  as  it  were,  thrown  off"  by  the  same 
whirl  force,  after  contact,  back  into  the  general  flow.  The  momen- 
tum of  this  action  being  intermittently  constant  by  the  impulsive 
motivity  maintained  in  the  central  space.  The  interior  current,  by 
this  means,  will  ride  over  the  whirls,  making  thereby  rolling  contact 
upon  them,  at  the  same  time  withdrawing  intermittently  by  cohesion 
the  fluid  deflected  into  the  lateral  whirl  systems. 

g.  In  the  case  of  a  liquid  flowing  with  great  velocity  by  pressure 
through  a  pipe,  the  liquid  may  occupy  possibly  nearly  the  entire 
internal  space  of  the  pipe,  and  this  space  may  be  directly  projectile, 
but  it  is  possible  even  in  this  case,  and  consistent  with  other  cases  of 
lateral  resistance,  that  the  liquid  may  be  surrounded  by  a  series  of 
small  rotary  systems  resembling  spherical  drops  thrown  off",  as  whirls 
rolled  up  as  it  were  by  the  continuity  of  the  conic  deflection,  and 
as  constantly  unrolled  by  lateral  cohesion,  so  that  the  same  minute 
globular  forms  are  maintained  for  the  drops  to  act  constantly  as  fric- 
tion rollers  to  the  flowing  force.  I  must  admit  that  the  whole  matter 
of  this  paragraph  is  purely  theoretical,  but  that  it  is  the  most  con- 
sistent that  I  can  suggest  to  ensure  the  general  principles  of  rolling 
contact  where  the  current  is  almost  entirely  projected  by  principles 
which  are  quite  evident  in  slower  motions.  Some  evidence  of  the 
above  may  possibly  be  inferred  in  the  issue  of  water  at  great  velocity, 
or  under  great  pressure,  from  a  pipe,  where  the  borders  of  the  issuing 
jet  are  visibly  broken  up  into  spray  or  drops,  as  also  by  the  evidence 
of  separation  in  the  reflection  of  light,  which  causes  rapid  jets  to 
appear  of  a  white  colour. 
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fu  I  think,  nevertheless,  that  it  is  extremely  probable  in  a  per- 
fectly mobile  liquid  that  no  system  of  whirl  motion  may  reach 
quite  to  a  solid  plane  of  resistance,  but  it  is  more  probable  that  there 
is  a  certain  thin  layer  of  liquid  which  is  powerfully  adhesive  and 
very  resistant  supported  by  the  irregularities  of  the  solid  surface,  so 
that  the  liquid  wets  this  surface  and  renders  it  smooth  to  the  fric- 
tion of  the  rolling  parts.  This  thin  surface  may  possibly  have  a 
small  motive  direction,  by  impressed  forces  in  the  opposite  direction 
to  the  current,  the  conditions  of  which  I  will  hereafter  consider. 

f.  For  the  experimental  evidence  of  this  proposition,  generally, 
some  instances  of  the  disposition  to  division  upon  contact  of  flowing 
liquids  upon  surfaces  of  resistance  may  be  very  fairly  made  out 
One  instance  of  this  which  is  very  striking  to  observation  may  be 
found  in  the  projection  in  the  section  of  a  conoid  given  84  prop,  k^ 
where  the  liquid  upon  contact  is  shown  to  form  a  series  of  rapidly 
revolving  whirls  made  visible  by  the  relative  freedom  the  expand- 
ing conoid  offers  to  frictional  motion. 


Fig.  128. — Ex. — Looped  System  Borders  of  a  Current. 

j.  For  the  general  experimental  induction  of  the  principle  of 
division  into  separate  whirl  systems  in  parallel  channels  we  may 
follow  with  advantage  any  case  of  the  motion  of  liquids  moving 
slowly  through  channels  of  small  lateral  resistances,  for  which  the 
following  experiments  may  be  offered. 

Take  the  apparatus  described  48  prop.  A,  page  1 50,  consisting  of 
a  can  filled  with  water  placed  upon  a  shelf  with  a  sloping  board 
leading  from  a  hole  in  the  can  to  supply  a  fine  stream  of  water.  If 
we  take  a  smooth  sheet  of  foolscap  paper  and  place  this  upon  the 
sloping  board  in  the  manner  before  described,  and  draw  the  wet 
finger  directly  down  the  board,  it  will  produce  a  moist  channel  of 
about  half  an  inch  in  width.     Down  this  channel  we  may  project 
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from  the  hole  in  the  can  a  fine  stream,  that  will  continue  to  flow  in 
the  wet  track  only.  Now  permitting  the  current  to  flow  down 
slowly,  we  may  when  it  is  steady,  observe  perfectly  well  the  effect 
of  the  small  amount  of  side  resistance  active  upon  it,  by  experiment 
in  the  manner  previously  proposed,  of  dusting  the  stream  over  with 
fine  pepper.  If  we  follow  carefully  with  the  eye  the  motion  of  the 
separate  particles  of  pepper  from  the  commencement  of  their  course 
near  the  jet,  we  may  note  by  these  that  the  flowing  fluid  in  the 
centre  of  the  channel  has  the  highest  velocity,  that  this  velocity 
gradually  decreases  towards  the  borders  of  the  channel,  and  that 
the  flowing  fluid  at  its  edges  rests  nearly  quiescent,  or  moves  in 
some  parts  with  small  velocity  in  a  retrograde  direction.  We  may 
further  observe  that  every  particle  of  the  pepper  is  drifted  by  the 
biwhirl  action  of  the  stream  more  or  less  to  the  edges  of  the  channel, 
from  which  now  and  then,  a  particle  is  again  drawn  in,  but  generally, 
at  the  end  of  the  experiment,  the  pepper  that  we  dusted  upon  the 
head  of  the  stream,  will  be  found  deposited  at  the  edges  of  the 
channel  only.  In  fact  we  find  that  nearly  every  particle  of  pepper 
has  followed  a  cycloidal  curve  until  it  has  reached  the  more  resistant 
edge  of  the  channel,  where  it  rests  at  the  vertex  of  an  hypercycloidal 
arc,  or  turns  this  vertex  slightly,  and  reverses  its  direction  of 
motion  so  as  occasionally  to  return  into  the  stream. 

k.  In  the  above  experiment  the  projectile  forces  of  the  current 
are  clearly  evident,  but  it  is  also  quite  evident,  that  as  at  the  end  of 
our  experiment  we  have  not  a  greater  volume  of  water  at  the  sides 
of  the  channel,  to  which  the  pepper  was  directed  by  the  moving 
water,  than  elsewhere  in  the  stream,  that  there  must  have  been 
throughout  the  entire  process  means  for  the  return  of  the  deflected 
water,  which  in  this  case,  from  the  immobility  of  the  particles  of 
pepper,  they  could  not  in  all  instances  follow. 

/.  For  the  separation  of  the  system  into  units,  if  we  watch  the 
motions  of  the  pepper  for  a  short  time,  we  find,  that  the  points  of 
greatest  hypercycloidal  curvature  are  local,  and  at  these  localities 
we  may  frequently  observe  the  rotary  motion  of  free  whirls  by  the 
visible  movement  of  the  small  particles  of  pepper;  which  shows  that 
the  rotary  system  of  contact  is  divided  into  separate  units,  as  we 
found  more  clearly  observable  at  the  borders  of  the  sectional  conoid 
shown,  84  prop.  /. 

;;/.  We  may  find  further  experimental  evidence  of  the  same  system 
of  division,  in  a  fine  jet  of  water  issuing  into  the  air  under  pressure, 
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by  motions  already  induced  in  its  system,  which  separate  the  jet 
into  drops  either  directly  at  the  orifice  of  issue,  if  it  be  very  small, 
or  at  a  short  distance  outward  from  thcorifice,  if  it  be  larger. 
The  motions  of  deflection,  from  the  differences  of  velocity        ^ 
of  the  parts  of  the  jet,  are  maintained  in  the  air,  and  the 
h'quid   passes  through  the  air  upon  the  same  principles 
of  surface  deflection  as  in  a  pipe,  in  which  the  whirls  may 
be  either  incipient,  as  in  a  continuous  jet,  or  complete,  as , 
possibly  in  the  system  of  separate  drops.     This  I  shall  be 
^h\e  further  to  demonstrate  as  I  proceed. 

n.  In  the  issue  of  a  liquid  through  a  small  hole  or  tube 
where  drops  only  arc  formed,  the  drops  most  probably 
retain  the  induced  rotary  motions  somewhat  in  the  follow- 
ing manner:—  8^1^ 

Let  A'  represent  the  exit  at  the  pipe  or  hole;  a  biwhirl 
^ing  complete  only  at  exit.    The  action  of  surface  resist-    rt^tt 
ance  constantly  tends  to  produce  the  globular  form ;  this       i*^^* 
l^ng  at  the  first  instant  of  projection  as  represented  at     D-agnm. 
o,  then  at  C,  the  complete  sphere. 

0.  If  a  small  pipe  has  any  lateral  restriction  at  or  near  the  orifice, 

the  whirls  have  greater  freedom   in  the  direction  of  the  greatest 

iliameter,  and  they  divide  afterwards  at  the  exit  or  spirt.     But  if 

the  channel  be  smooth  and  cylindrical  the  cohesive  force  of  the 

liquid  will  draw  the  parts  together  into  globular  masses  to  form 

drops,  which  still  retain  in  themselves  the  rotary  motion  induced 

by  lateral  resistances  acting  upon  them,  as  appears  by  evidence  of 

dropping  experiments,  where  whirl-rings  are  immediately  projected 

at  the  surface,  if  the  drop  fall  from  a  pipe  or  through  the  air  (86 

prop.fi);  whereas,  these  whirl-rings  do  not  appear  to  be  immediately 

formed  from  drops  projected  from  positions  in  contact  upon  the 

surface  (71  prop,  i*),  so  that  the  induced  rotary  system  in  the  drop 

is  auxiliary  to  the  motive  forces  that  we  witness   in  whirl-rings 

engendered  by  small  effects  of  conic  resistance  (65  prop.  a). 

p.  The  following  experiment  may  be  considered  demonstrative  of 
tiie  rotary  or  looped  hypercycloidal  motion  of  contact  of  small  unit 
systems,  that  continue  in  rolling  contact,  separately  down  the 
stream.  If  we  take  the  slowly  projected  column  of  varnish  in  like 
nniish  but  of  less  specific  gravity  described  in  75  prop,  e,  we  may 
note  this  dear  stream  flowing  to  the  bottom  of  the  jar  in  the  sun- 
diiiM  b/  the  diflference  of  refraction.     If  we  carefully  observe  the 
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column  near  its  surface  we  may  notice  many  small  globules  of  air 
and  particles  of  matter  descending  with  the  stream.  These,  as  they 
approach  the  borders  of  the  column,  will  be  found  to  be  set  into  rapid 
rotation.  This  will  be  particularly  visible  with  any  particles  of  air 
which,  by  the  projection,  take  an  ovoid  form  and  glitter,  as  the 
differences  of  inclination  of  their  surfaces  reflect  light  to  the  eye. 
In  this  experiment  the  air  globules  appear  to  move  from  loop  to 
loop  in  a  cycloidal  path,  as  they  are  carried  forward  by  the  current. 
If  the  fluid  system  of  the  globule  of  air  were  such  that  it  permitted 
continuity  of  the  induced  liquid  motions,  as  weclearlysee  is  not  the 
case,  the  air  globule  would  then  be  drawn  out  into 
threads-  to  form  a  part  of  the  contact  whirl,  and 
would  revolve  constantly  near  one  locality  in  the 
column;  but  as  the  air  bubble  is  held  by  surface 
forces,  1 1  prop.,  to  one  form,  it  is  urged  forward 
from  loop  to  loop.  I  was  anxious  to  obtain  the 
same  form  of  evidence  from  observing  tlie  effect  of 
water  flowing  down  a  glass  pipe  by  its  visible 
action  upon  solid  particles  of  matter,  but  I  found 
that  if  the  particle  were  lai^e  it  appeared  to  resist 
motion,  but  if  very  small  its  motion  was  imper- 
ceptible, so  that  in  very  slow  motions  where  cy- 
cloidal action  could  be  assumed  to  occur  close  to 
the  tube,  by  easy  accommodation,  the  small  resist- 
ance to  the  gravity  of  the  solid  particles  permitted 
them  to  descend  in  fairly  direct  paths.  With 
greater  velocities,  however,  there  was  evidently 
present,  cycloidal  motion,  which  could  be  best 
seen  by  many  particles  descending  at  the  same 
time  in  water  through  a  glass  pipe,  by  placing  a 

I  pinch  of  sawdust  in   the  water,  but  the  motion 

being  very  rapid  it  was  not  easily  followed  to  attain 
knowledge  of  the  definite  paths  of  the  particles. 
Kiptriaicnt..        In  this  case  the  particles  of  sawdust  appeared  to 
be  plaiting,  and  crossing  in  every  conceivable  direc- 
tion, as  shown  Fig.  130  B.     It  therefore  appeared  evident  that  the    ^ 
motions  of  a  particle  of  water  could   only  really  be  observed  in.<-a 
moderately  slow  motions  in  a  pipe,  by  the  motions  of  another  fiuidE»j 
moving  within  the  water.     This  was  not  difficult  to  arrange, 
therefore  fixed  a  glass  tube  of  five-eighths  of  an  inch  bore,  an*—— 
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three  feet  long,  to  a  tap  from  a  supply  cistern  as  shown  Fig.  1 30  A. 
Now  admitting  air  with  the  water  into  the  inflow  current  by  a 
small  pipe  A',  the  particles  of  air  were  drifted  in  the  glass  pipe 
through  cycloidal  paths  in  constant  revolution,  as  was  clearly  indi- 
cated by  their  glittering  in  the  sunlight.  In  this  case  there  was  no 
doubt  a  certain  restraint  from  the  inequalities  of  density  between 
the  fluids,  air  and  water,  but  the  result  was  all  I  might  have  reason- 
ably expected  as  an  inference  of  the  direction  of  motion  in  the  water 
in  so  rough  an  experiment.  In  the  motions  of  free  particles  and 
of  the  water  itself  in  flowing  through  a  pipe,  there  is  a  tendency 
always  to  produce  continuity  of  like  motion  in  separate  parts ;  by 
these  parts  taking  one  helical  direction.  This  is  shown  in  Fig.  130 
in  the  pipes  A  and  B ;  but  experiments  in  square  and  flat  pipes 
show  that  this  helical  direction  is  a  motion  of  composition  only. 

g.  For  another  experiment  to  endeavour  to  follow  more  exactly 

the  conditions  of  lateral  resistance.    I  took  a  tall  glass  jar  18  inches 

high  filled  with  clear  water.    I  then  drew  out  a  piece  of  glass  tube 

to  a  fine  point  and  broke  off"  the  extreme  end.     This  tube  then 

formed  a  funnel  with  a  fine  stem  of  about  ^^  of  an  inch  bore.    By 

supporting  this  funnel  in  a  hole  made  through  a  piece  of  card,  and 

placing  it  above  the  jar  filled  with  water,  so  that  the  point  entered 

the  water,  the  funnel,  when  filled  with  coloured  water,  projected  a 

fine  stream  vertically  down  the  larger  column  of  water  in  the  jar, 

the  resistance  of  which  to  the  jet  was  easily  observed  by  motions 

induced  in  it. 

r.  With  the  above  described  apparatus  in  projecting  a  dilute 
solution  of  an  aniline  dye,  that  termed    Tropoeleum  I  used,  but 
anticipate  any  other  would   answer   as  well.      I   found 
that  as  this  solution  issued  from  the  point  of  the  funnel 
described,  it  enlarged  from  lour  to  five  diameters.     This 
enlargement  is  evidently  in  unstable  equilibrium,  for  if 
there  should  happen  to  be  any  vibration  in  the  air  the 
column  divides  transversely  and  appears  as  a  series  of 
discs,  one  placed  above  the  other,  which  resemble  some- 
what the  annular  markings  of  a  common  earth-worm,  as  p.   ^  ^  j,^ 
shown  in  the  figure  by  the  side,  which  is  magnified  four 
diameters.     This  effect  I  have  especially  observed  when  a  railway 
train  was  passing  at  about  100  yards  from  the  position  where  I  was 
trying  the  experiment. 

s.  Quite   irrespectively  of  the  separate  markings,  the   experi- 
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ment  shows  the  directions  of  internal  central  forces  to  be  outward 
movements,  so  that  they  enlarge  the  stream,  from  which  we  may 
infer  the  formation  of  whirls  that  would  of  themselves  naturally 
cause  a  tendency  to  division  in  separate  units  in  the  liquid  column; 
these  divisions  being  only  made  more  visibly  evident  under  the 
influence  of  the  vibrational  disturbance.  If  in  the  projection  of 
the  same  column  the  air  be  quite  still,  the  equilibrium  will  be  dis- 
turbed in  a  less  degree;  in  this  case  the  fine  stream  as  it  descends 
will  be  marked  in  occasional  places  with  local  swellings.  These 
swellings  descend  with  regular  velocity  until  they  reach  a  certain 
point,  and  then  separate  from  the  column,  at  first  apparently  by 
being  drawn  together  into  drops,  but  afterwards  they  immediately 
develop  their  true  character  of  whirl-rings,  showing  that  the  motive 
system  of  the  column  moves  upon  whirl  principles,  that  in  a 
quiescent  flow,  are  only  observable,  when  there  is  sufficient  accumu- 
lated local  activity  and  freedom  in  the  projection,  to  render  the 
motive  direction  of  the  forces  present  visible. 

/.  In  the  above  theoretical  treatment  of  the  descending  column 
offered,  if  we  imagine  that  the  original  motion  of  the  jet  is  at  all  times 
actually  intermittent  as  it  appears  to  be  under  vibration,  it  would 
then  be  clear  that  this  intermittent  action  might  be  observed  in  a 
coloured  jet,  or  not,  under  two  conditions : — It  could  be  observed  if 
the  whirls  or  looped  systems  were  separated  sufficiently  to  give  dis- 
tinct rings  of  colour  by  intermittent  densities,  as  they  evidently  do 
under  the  conditions  of  vibration ;  but  it  could  not  be  observed  if  the 
whirls  came  out  of  an  axis  one  within  tlie  other  regularly,  so  that 
their  general  interference  of  projection  when  the  jet  was  viewed  as 
a  transparent  object  would  produce  simply  a  uniform  tint     We 
may  also  imagine  that  if  the  whole  column  were  in  unstable  equi- 
librium, a  small  excess  of  interference  from  any  cause  in  any  part  of 
the  column  would  cause  the  following  parts  to  assume  such  condi- 
tions that  they  would  develop  their  whirl  forces  as  free  systems, 
that  is,  as  systems  free  from  the  cohesive  restraint  of  the  constantly 
flowing   column   of  a   gravitating  system.     It  is,  however,   most 
probable  that  from  the  evidence  we  obtain  of  the  motions  present  in 
very  small  systems,  we  may  be  best  able  to  observe  principles  that 
universally  prevail ;  and  this  evidence  I  think  may  be  largely  found 
in  the  projection  of  the  small  jet,  under  the  conditions  just  offered, 
by  watching  attentively  consecutive  swellings  or  drops  as  they  pass 
down  the  column. 
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//.  It  has  already  been  shown  that  the  dimensions  of  free  whirls 
vary  as  their  powers  to  overcome  lateral  resistances,  so 
that  after  the  motive  forces  of  the  projectile  column  have 
by  motions  induced  by  the  resistances  gained  greater  whirl 
force,  the  whirls  spread  out  in  the  liquid  by  the  action  of 
tangential  forces.     In  this  case,  as  their  projectile  lines 
become  deflected  more  nearly  normal  they  must  possess 
also  less  force  in  the  direction  of  original  projection. 
Therefore  the   next   drop  following^  or  the   next   less 
deflected  whirl,  will  continue  its  motion  with  higher  velo- 
city, and  overtake  the  first  more  deflected  whirl.    Further, 
when  a  following  whirl  arrives  at  the  point  of  motive 
deflection  of  the  former  whirl,  the  induced  direction  of 
motion  in  the  former  will  tend   to  draw  the  following 
whirl  into  the  front  of  the  previous  one.   This  I  find  by 
observation  is  very  evident.    Further,  as  the  lines  of  force 
in  the  two  whirls  in  question  come  together  each  possess- 
ing a  like  form  of  projection,  a  following  whirl,  after  it 
enters  the  system  of  a  previous  one,  will  continue  its 
projection,  by  its  less  resisted  direct  momentum,  and  passrFig.  13a.— Ex. 
quite  through  the  first  whirl,  for  a  certain  distance,  or     p^°-"c™on' 
until  the  direction  of  its  force  lines,  that  are  already 
induced  by  the  previous  whirl,  absorbs  the  following  one  into  the 
previous  system.    In  this  manner  two  or  more  whirls  will  be  united. 
The  general  appearance  of  such  systems  is  shown  in  the  engraving 
by  the  side,  Fig.  1 32. 

V,  It  will  be  further  seen,  that  by  the  continuity  of  induced  deflec- 
tion, of  the  first  whirl,  where  the  following  whirl  enters  its  system, 
some  parts  of  this  first  whirl  will  be  left  too  far  behind,  in  the 
general  system  of  combined  whirl  deflection,  to  be  at  once  absorbed. 
In  this  case,  by  continuity  of  induced  rotation,  the  following  parts 
will  be  drawn  into  the  general  system  and  appear  to  pass  inwards 
through  the  second  whirl,  as  the  second  whirl  in  its  projection  passed 
through  the  first,  showing  thereby  the  perfect  unity  of  the  combined 
whirls  in  the  hypercycloidal  or  loop  system. 

w.  By  the  above  reasoning  I  conclude  that  however  small  the 
division  of  a  system  of  a  fluid  in  rolling  contact  may  be,  that  by  the 
conditions  of  area  of  restriction,  it  may  be  real,  and  capable  of  de- 
velopment at  any  instant,  into  a  larger  system ;  by  the  presence  of 
greater  freedom  in  the  plane  of  resistance. 
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X,  The  adjoining  diagram  (Fig.  133)  will  show  by  observation  the 
method  of  combination  of  whirl  and  looped  systems  in  areas  free 
from  great  restraint,  experimentally,  in  projecting  a  fine  jet  with  the 
apparatus  described  Fig  132. 

A.  represents  two  whirls  in  a  descending  column  in  a 
liquid,  the  second  advancing  on  the  first,  the^  flowing 
force  of  the  first  being  deflected  more  nearly  normal 
to  gravitation  impulse. 

B.  The  second  whirl  commencing  to  be  absorbed  into 
the  projectile  system  of  the  first. 

C.  The  first  whirl  commencing  to  overflow  and  again 
enter  the  second. 

D.  Continuity  of  the  same  form  of  projection. 

E.  The  projection  of  the  first  system  through  the 
second  completing  an  hypercycloidal  or  looped  system. 

y.  That  the  principles  of  division  by  lateral  resist- 
ance into  separate  systems  occur  generally  also  in  gases, 
m^y  possibly  be  best  inferred,  by  the  projection  of  hy- 
drogen through  a  small  pipe,  in  which  case,  if  it  be 
Ex.lsccUon.  lighted,  an  intermittent  flame  will  be  produced,  particu- 
larly if  the  gas  be  carried  away  from  the  aperture  by  a 
current  of  air,  at  a  greater  velocity  than  it  can  diffuse  itself  in  space 
This  property  of  intermittent  action,  forming  thereby  intermittent 
units  of  projection  in  hydrogen,  is  made  evident  in  the  well  known 
experiment  of  singing  tubes,  the  intermittent  explosions  of  which 
are  possibly  the  simplest  and  most  direct  modes  of  producing  musi- 
cal sounds.  The  same  forms  of  intermittent  action  are  also  ap- 
parent in  the  whirl  systems  induced  in  all  musical  pipes,  as  I  will 
endeavour  at  a  future  time  to  show.  The  same  principles  of  division 
may  be  observed  in  the  projection  of  one  current  of  air  over  another, 
where  the  line  of  contact  becomes  visible,  as  cloud,  through  differ- 
ence of  temperature,  the  condensation  of  vapour  producing  series 
of  equal  small  whirls,  that  we  term  a  mackerel  sky,  as  before 
mentioned. 

z.  The  principle  of  division  is  very  observable  in  air  in  the 
experiment  of  projection  of  smoke  between  two  planes  of  glass, 
shown  Fig.  104,  page  222,  which  I  left  entirely  to  Mr.  CoUings  to 
delineate,  by  the  phenomenon  he  witnessed,  following  the  means  I 
gave.  In  this  experiment  the  lateral  freedom  is  much  greater  than 
in  a  pipe,  so  that  the  whirls  complete  a  greater  circuit,  and  do  not 
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form  loops.  The  nearest  approach  to  sufficiently  static  resistance 
being  in  this  experiment  near  the  entrance  of  the  jet,  as  shown  in 
the  figure,  before  the  Avhirl  force  is  greatly  diffused  over  extensive 
radial  areas.  The  same  experiment  may  also  be  used  to  demon- 
strate the  vibration  in  jets,  that  Young  so  acutely  observes  in  the 
experiment  given  74  prop,  r,  page  2 1 3. 

a  If  we  accept  the  general  principles  of  this  proposition  with  such 
demonstration  as  I  have  been  able  to  give  in  this  very  difficult  mat- 
^^*r;  the  projection  of  a  current  in  a  pipe  or  jet  will  resemble  ver}- 
tJosely  the  continuous  separate  projection  of  whirl-rings,  which  are 
•"Assumed  to  be  by  this  theory  packed  as  closely  together  as  the  sys- 
tem of  accommodation  of  the  fluid  will  permit,  these  being  alternately 
collected   by  reflex  action,  that  converts  these  whirls  into  loop*>, 
*^'hich  permit  the  deflected  fluid  to  re-enter  the  central  system  b}' 
^"■^ction.    If  we  accept  this  as  a  general  principle,  we  may  still  admit 
^'^G  influence  of  the  special  surface  resistances  of  the  pipe,  which  will 
'ia.ve  necessarily  a  force-value  higher  than  the  resistance  of  a  free 
"uid  to  the  friction  of  projectile  whirls;  and  these  resistances  by  their 
'^^arness  will  modify  or  deflect  the  whirl  or  looped  systems,  but  not 
^efficiently  to  change  the  general  principle  of  motion,  as  a  necessar}- 
^^ndition  of  the  flow  of  a  cohesive  system  of  matter.      I  do  not  see 
^*ie  necessity  in  all  cases  of  a  set  form  of  cycloidal  motion,  which  is 
""^lost  apparent  in  the  changes  of  flow  by  the  influence  of  vibration 
^  ^ig.  104,  page  222),  as  also  in  the  intermittent  local  action  (§ ;)  in 
^he  descending  fine  column.     The  principle  of  the  possibility  of  in- 
ducing the  cycloidal  motions  I  propose,  of  longer  or  shorter  periods 
*  ^  a  pipe,  is  possibly  the  mode  used  unknowingly  by  performers  on 
^^rtain  forms  of  horns,  where  the  vibrational  period  represents  the 
Cycloidal  space, as  I  will  endeavour  hereafter  to  show,^  which  produces 
'^otes  of  different  pitch  in  the  same  horn.     In  any  case  I  anticipate, 
^uder  all  conditions,  the  efflux  of  wind  from  a  pipe  is  pulsatory, 
it  only  depends  on  certain  conditions  whether  sound  is  produced 
not 

A  If  the  principles  of  motion  of  a  fluid  through  a  pipe  is  hyper- 
cydoidal  as  here  proposed,  the  resistance  and  consequently  the  velo- 
city of  outflow  will  be  nearly  as  the  circumference  of  the  hyper- 
cydoidal  loop  to  its  plane  of  resistance. 

*  Now  post])one(1  for  future  publication. 
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91.  Proposition  :  Tliat  a  small  flat  current  of  fluid  will  dei^elop 
whirls  of  resistance  at  alternate  distances  upon  its  sides,  T/ie  whirls  will 
form  looped  or  cycloidal  systems  if  tliey  are  cramped  by  nearness  of  re- 
sistant  surface^  but  the  current  will  akvays  tend  to  enlarge  altertiate 
lateral  whirls^  for  each  whirl  to  attain  the  greatest  ciradar  area  of 
rotation, 

a.  For  the  conditions  of  alternation  of  whirls  this  proposition 
shows  that  whirls  would  have  a  tendency  to  circumscribe  the  greatest 
free  areas,  82  prop. ;  but  this  is  subject  to  the  directive  force  of  the 
central  flowing  stream,  and  is  not  possible  where  the  friction  is  uni- 
form or  great  enough  to  cause  the  constant  necessity  for  rolling 
contact  of  directly  projected  lineal  parts  of  the  system.  Neverthe- 
less, if  the  current  move  in  a  free  fluid  system  by  alternation  of 
whirls,  first  on  one  side  of  the  stream,  and  then  on  the  other,  the 
current  space  would  develop  the  largest  whirls,  and  move  thereon 
by  the  least  tangential  friction ;  and  if  we  make  the  flowing  force 
great,  and  the  areas  of  resistance  very  free,  this  will  be  the  necessary 
form  of  motion.  This  proposition  may  be  partly  demonstrated  by 
the  following  experiment. 

b.  Take  a  white  dinner  dish  and  place  it  in  a  level  position  upon 
a  table;  pour  water  into  it  until  the  bottom  surface  is  covered  for 
not  more  than  half  an  inch  in  depth.  Take  a  pen  full  of  ink  or 
other  colouring  matter  and  draw  this  through  the  water  with 
moderate  velocity,  the  nib  sliding  along  the  surface  of  the  dish.  As 
the  pen  moves  forward  in  the  water  a  zigzag  path  formed  by  the 
ink  will  be  observed  to  follow  it;  which  will  be  at  first  of  about  half 
an  inch  in  width.  If  we  carefully  observe  the  zigzag  ink-path  by 
repeating  the  experiment  several  times,  it  will  be  found  to  be  formed 
of  alternate  whirls  which  are  structurally  consecutive  oblique  bi- 
whirls,  the  one  flowing  out  of  the  curves  of  the  other,  of  which  the 
following  diagram  will  represent  the  directive  principles. 


Fig.  134. — Diagram  of  Biwhirl  Deflection  in  a  Uniformly  Restricted  Current. 

c.  These  whirls  will  after  a  short  time  be  distorted  by  the  general 
influence  of  motion  of  one  upon  the  other,  but  at  the  commencement 
of  the  movement  of  the  pen,  a  few  more  permanent  forms  will  oc- 


^Prw^  *  RESISTANCE  TO  JETS.  269 

casionally  be  left  when  the  fluid  is  nearly  at  rest.  Upon  repeating 
this  experiment  with  a  different  kind  of  writing  ink  to  that  I  first 
tried,  I  found  that  I  did  not  produce  the  same  result  owing  to  the 
clogginess  of  the  ink.  The  first  ink  I  used  was  made  of  logwood 
extract  and  bichromate  of  potash. 

d.  The  same  principles  as  shown  in  the  above  experiment  may  be 
witnessed  as  an  influencing  cause  for  the  zigzag  course  of  a  river, 
in  its  flow  down  a  nearly  level  plane.  In  this  case  the  river  at 
no  time  may  be  assumed  to  possess  sufficient  force  to  cut  out  a 
zigzag  course  such  as  is  found  to  absolutely  exist,  but  the  tendency 
to  attain  the  greatest  freedom  of  area  for  the  whirls,  as  proposed 
(82  prop.),  such  a  course  would  be  the  least  frictional.  If  such  a 
system  were  once  incipiently  formed  by  the  principles  of  this  pro- 
position so  as  to  produce  bays,  by  the  alternate  local  amplitudes 
of  the  whirls,  these  would  also  alternately  bring  the  central  forces 
to  the  margin  of  the  river,  and*  would  cause  every  bay  to  become 
enlarged  and  deepened  at  its  circumference,  until  there  was  formed 
a  channel  in  the  bay  in  which  the  river  would  afterwards  be  induced 
to  flow,  so  that  it  would  ultimately  change  its  course  and  flow  through 
the  circumference  of  the  bay.  In  this  case  the  friction  whirls  would 
then  immediately  be  turned  inwards  and  be  projected  forward  to 
the  opposite  surface  of  resistance,  so  as  to  induce  the  formation  of 
another  bay  on  the  opposite  side  of  the  river  further  down,  or  give 
the  river  an  entirely  zigzag  course  by  the  alternation  of  this  form 
of  whirl  motion. 

92.  Proposition:  If  a  small  cylindrical  jet  of  liquid  be  resisted  by  a 
less  dense  fluid,  tlie  deflection  of  the  whirls  making  rolling  contact  upon 
the  planes  of  resistances,  will  be  less  developed  outwardly  than  in  cases 
of  greater  resistance,  or  t/iey  may  be  withheld  within  the  flowing  jet  by 
its  cohesion,  but  they  will  still  be  inotivc  within  this  jet, 

a.  The  superficial  film  of  a  jet  may  be  continuous  by  general  co- 
hesion, so  that  the  jet  may  appear  bright  and  clear,  but  this  is  in- 
different to  the  principles  of  the  proposition,  as  the  motive  force  may 
be  conceived  to  be  active  within  the  circumscribing  area  of  the  cy- 
linder that  forms  the  jet,  the  surface  of  which  is  induced  to  take  a 
reverse  direction  by  the  friction  of  contact. 

b.  The  cases  this  proposition  is  intended  to  meet  are  the  projections 
of  jets  of  water  in  air.  The  same  conditions  may  possibly  hold  for 
projections  in  very  smooth  fine  glass  tubes.    It  assumes  that  rolling 
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contact  also  holds  in  cases  of  very  small  surface  resistance  which  I 
have  asserted  to  be  necessary  in  all  cases  of  contact  of  moving 
fluids  upon  solids  or  upon  each  other. 

c.  That  the  wind  moves  the  surface  of  the  ocean  assures  us  that 
a  frictional  mode  of  contact  occurs  between  air  and  water,  when 
the  air  is  moving,  and  it  is  quite  certain  that  a  like  friction  will  form 
a  resistance  to  the  projection  of  the  surface  of  a  jet  of  water  in  air, 
so  that  the  demonstration  of  surface  friction  in  the  one  case  will 
demonstrate  it  in  the  other. 

d.  I  had  at  first  some  difficulty  in  arranging  an  experiment  to 
show  that  whirl  motions  would  exist  in  water,  moving  with  moderate 
velocity  through  static  air,  until  I  thought  of  making  the  jet  of  water 
extremely  small,  so  that  it  should  present  a  great  surface  to  the 
air  relative  to  its  very  small  cylindrical  mass,  and  thus  be  greatly 
influenced  by  the  surface  resistance,  but  having  conceived  this 
principle  of  small  resistances,  my  further  difficulty  was  in  rendering 
the  motion  itself  visible,  or  of  obtaining  evidence  of  the  same 
by  any  means,  but  feeling  assured  that  motive  principles  were 
alike  in  all  moving  fluids,  whether  the  masses  were  large  or  small, 
as  the  many  experiments  I  have  given  tend  to  show,  I  thought 
it  possible  that  the  surface  directions  of  motion  of  one  jet  might  be 
observed  by  directing  another  jet  upon  it,  as  the  equilibrium  of  pro- 
jection of  such  fine  jets  would  be  necessarily  very  sensitive. 

e.  The  experiment  by  which  I  was  finally  able  to  demonstrate  the 
above  to  my  own  satisfaction  under  the  condition  of  a  dense  fluid 
being  approximately  free  when  reduced  to  small  projectile  mass, 
was,  by  the  interference  of  two  fine  jets  of  water  in  quiescent  air,  one 
of  these,  from  which  I  most  expected  to  discover  directive  motion, 
being  sufficiently  fine  to  have  its  bulk  considerably  influenced  by 
friction  at  the  surface  of  contact  with  the  air ;  the  motion  of  which 
I  hoped  to  follow  by  the  direction  given  by  deflections  after  contact 
upon  another  jet  I  will  give  my  first  conception,  as  I  worked  this 
matter  out  before  trying  any  experiment  upon  it,  which  may  tend 
to  explain  the  principles  of  the  experiment  I  afterward  tried. 

/  I  supposed  a  whirl  system  developed  in  every  current  as  that 
illustrated.  Fig.  129.  Therefore,  if  by  resistant  contact  a  fine  cur- 
rent were  ejected  into  the  air,  the  air  would  form  a  surface  of  con- 
stant resistance,  and  a  biwhirl  current  or  looped  system  should  be 
induced,  within  the  fine  stream,  to  overcome  the  surface  resistance  of 
the  air.    Thus  if  we  suffered  two  fine  streams  to  meet  at  such  an  angle 
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that  it  was  possible  for  one  to  be  deflected  from,  or  towards,  the  sur- 
face of  the  other,  the  influence  of  the  whirls  at  the  sides  of  the  Jets,  as 
they  came  in  contact,  would  carry  by  adhesion  the  whole  small  mass 
of  these  jets  by  deflection  in  accordance  with  directions  of  surface 
motions  already  induced  in  them,  at  least  as  components  of  directive 
influences.  That  if  the  whirls  in  the  jet  were  revolving  outwards 
from  the  centre  by  air  contact  at  a  point  of  meeting  between  them, 
they  would  be  drawn  together,  by  surface  directions  acting  at  the 
point  of  incidence;  whereas,  if  no  such  motions  were  induced,  they 
would  repel  each  other.  Before  making  any  experiment  I  made  a 
sketch  diagram  similar  to  the  following  illustration  of  my  conception, 
in  so  far  as  I  could  conceive  the  matter,  by  the  principles  already 
offered  of  whirl  motion. 


my' 


Let  A  A'  represent  a  fine  jet  of  water  projected  in  the  direction 
of  the  arrows;  B  B' another  Jet  projected  in  like  manner  across  the 
first  Let  these  jets  by  the  friction  of  surface  contact  upon  the 
air  have  biwhirl  or  looped  motions  already  induced  ^*ithin  them. 
Then  upon  contact  of  these  two  jets  the  whirls  at  W  and  X  will  be 
drawn  towards  each  other  by  rolling  contact  At  Y  and  Z  the 
whirls  would  resist  each  other  having  opposite  directions. 

g.  Now  if  such  a  jet  as  A  A'  by  its  projectile  force  and  the  direction 
of  its  whirl  could  enter  the  jet  B  B'  so  as  to  j)ass  into  it,  the  whirls 
at  Z  would  tend  to  direct  the  jet  A  A'  to  D,  and  the  whiris  at  Y 
would  tend  to  project  the  current  A  A'  to  C,  so  that  if  the  current 
as  a  lineal  system  were  divisible  with  small  force  in  its  axis,  the  Jet 
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after  division,  would  be  divided  within  an  arc  included  between  the 
radii  C  to  D,  directed  from  the  centre  of  the  crossing  current 

/i.  The  only  difficulty  appeared  to  be  some  confusion  of  directions 
of  force  lines,  which  I  should  have  anticipated,  except  from  having 
made  some  other  somewhat  similar  experiments  on  a  larger  scale, 
and  from  the  certainty  of  biwhirl  action  being  constant  In  such 
motions. 

i.  In  the  following  experiment,  although  clearly  founded  upon 
my  conception  of  the  biwhirl  motion  of  fluids,  which  I  have  before 
fully  discussed,  I  scarcely  expected  the  full  realization  of  my  theory 
in  the  projection  of  one  flowing  stream  through  another,  and  it 
really  surprised  me  (although  I  had  reasoned  it  out)  as  it  appeared 
in  practice  so  contrary  to  the  ordinary  experience  of  superficial 
observation,  so  that  if  I  had  fallen  upon  it  by  chance  I  should  not 
have  comprehended  the  result  As  the  experiment  for  demonstra- 
tion is  very  easily  performed,  I  will  give  the  details. 

J.  Take  two  lengths  of  small  lead  pipe  of  say  half  an  inch  internal 
diameter,  and  a  yard  or  so  in  length.  Close  one  end  of  each  pipe 
by  burring  it  over,  or  better  still,  by  sawing  the  ends  of  each  of  the 
pipes  oflT  obliquely,  and  afterwards  closing  it  over  so  as  to  form  a 


cone  of  about  an  inch  length  of  axis.  The  meeting  edges  of  the 
cone  formed  in  this  manner  may  be  soldered  together  with  soft 
solder.  Now  after  filing  off  each  pipe  to  a  rounded  nose,  the  ends 
may  be  pierced  with  a  fine  brad-awl  or  point  so  as  to  open  them  to 
a  smooth  bore  of  say  -^  of  an  inch  for  one  pipe,  and  ^  for  the  other. 
The  exact  proportions  are  immaterial.     Having  the  pipes  thus  pre- 
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pared,  bend  them  as  shown  in  the  figure  above  into  the  form  of 
syphons,  and  place  the  open  ends  in  a  vessel  of  clear  water  at  an 
elevation  of  about  30  inches  above  the  jets.     The  free  ends  of  the 
pipes  may  then  be  turned  outwards,  as  shown  in  the  engraving,  and 
l>e  fixed  by  staples  to  a  wooden  stand,  each  at  about  six  inches  from 
the  end;  these  pipes  may  be  now  adjusted  by  the  flexibility  of  the 
metal  as  required.     Placing  the  pipe  with  jV  '"ch  bore  so  that  it 
will  eject  the  water  nearly  horizontally,  and  the  pipe  with  the  smaller 
boK  lower,  so  that  the  Jet  that  comes  from  it  will  cut  the  first  larger 
jet  at  about  an  angle  of  30  degrees,  the  apparatus  is  then  complete. 
"The  pipes  may  be  set  in  action  by  sucking  them  full  of  water  by  the 
mouth.    The  experiment  being  now  ready,  as  the  jets  of  water  flow, 
't    will  be  observed  that  the  small  jet  from  the  lower  pipe  will 
•^ut  a  clear  way  through  the  larger  stream  and  sufl'er  no  deflec- 
tion at  the  point  of  contact,  even  if  the  smaller  pipe  be  reduced  in 
^'ze,  so  that  only  a  small  spray  of  fine  drops  issue  and  strike  the 
latter  jet,  these  drops  also  pass  clearly  through  it  without  deflection, 
'^urther,  the  larger  jet  will  not  be  materially  disturbed  or  have  anj- 
su-elling  or  parting  at  the  point  of  contact  of  the  smaller  one;  but 
'■''e   smaller  stream  will  appear  as  a  clear  rod  of  crystal  moving 
'n rough  it;  however,  after  passing  through  the  larger  stream,  the 
^mailer  jet  will  often  divide  by  the  whirl  forces  at  points  of  exit,  in 
''ich  case  only  the  upper  part  will  continue  in  the  direct  line  of  the 
^'"'einal  projection. 

■*.  It  will  further  be  observed  in  this  experiment  that  the  velocity 
*  the  point  of  contact  of  the  small  jet  upon  the  larger  one  is  no 
^""^ater  than  that  of  the  larger  one,  as  the  fall  of  water  is  alike  in 
*^th.  The  angle  of  contact  of  the  jets  being  small  we  might  super- 
_  ^*ally  expect  that  the  two  streams  would  unite  and  form  a  single 
^*^  or  be  deflected  from  each  other,  but  in  this  case  the  small  jet 
,  *'H]ting  the  lai^er  one  suff'ers  only  a  slight  recoil  at  this  point  of 
^*pact,  where  the  surface  particles  are  revolving  by  roiling  contact 
_^*^n  the  air,  to  be  impelled  into  the  larger  jet,  by  the  revolution. 
*  O  accommodate  the  intrusion  of  the  small  jet,  the  lai^er  one  must 
^^Crefore  have  its  bulk  in  some  way  increased,  and  swell  out  against 
^***  force  of  cohesion  of  the  water  of  which  it  is  formed;  but  the 
^*«face  of  the  larger  jet  being  also  in  revolution  by  rolling  contact 
^l»on  the  air,  and  this  revolution  being  in  an  opposite  direction  to 
^^e  surface  of  contact  of  the  smaller  jet,  it  therefore  tends  to  eject  it 
^^ain  as  soon  as  intruded,  so  that  the  whirls  become  most  unstable 
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opposite  the  point  of  contact  of  the  small  jet,  by  which  means  this 
is  ejected  at  exactly  the  opposite  point  on  the  larger  jet,  to  that  at 
which  it  entered ;  it  therefore  appears  to  pass  directly  through  the 
larger  jet  without  material  loss  of  initial  velocity,  or  in  some  cases  of 
volume. 

98.  Proposition:  To  every  current  flowing  in  a  parallel  channel 
or  in  a  pipe^  there  will  be  a  lateral  counter  current  flowing  in  the  op- 
i)osite  direction  7iear  tlie  plane  or  planes  of  resistance, 

a.  The  general  cohesion  of  liquids  will  always  tend  to  induce 
continuity  of  surface,  prop.  38  a,  and  in  this  continuity,  the  motive 
effects  of  rolling  contact  are  still  presumed  to  be  active,  so  that  any 
induced  movement  from  conic  deflection,  capable  of  producing  a 
complete  cycloidal  arc  or  loop,  will  tend  to  give  reverse  direction  to 
the  fluid  resting  upon  the  surface  of  resistance. 

b.  That  by  the  flexure  of  traction  lines  deflected  by  lateral  resist- 
ance, a  retrograde  motion  will  be  induced  in  a  fluid  near  the  plane 
of  resistance,  by  the  principles  discussed  in  89  prop,  and  shown  in 
several  diagrams. 

r.  That  by  principles  of  cojiic  resistance,  simply  as  head  resistance, 
biwhirl  forces  induced  in  parallel  channels  by  the  direct  resistance 
of  the  forward  or  most  free  portion  of  the  flowing  force,  will  com- 
plete their  whirls  in  direct  proportion  to  the  force  of  projection  by 
which  they  were  formed,  in  continuing  beyond  the  plane  of  resist- 
ance, so  as  to  produce  a  retrograde  motion  upon  lateral  surfaces 
as  shown,  90  prop. 

d.  From  the  roughness  and  immobility  of  every  solid  surface 
relative  to  the  smoothness  and  equality  of  the  system  of  a  fluid ;  a 
moving  fluid  in  contact  with  a  solid  will  be  more  resisted  upon  the 
solid  than  upon  any  imaginary  plane  in  the  fluid,  at  any  parallel 
distance  from  it,  however  small. 

e.  The  adhesion  of  liquids  to  solids,  where  such  liquids  wet  the 
solid,  appears  in  all  cases  to  be  greater  than  the  general  cohesion  of 
the  fluid,  and  to  be  generally  of  the  nature  of  an  attraction,  22  prop. 
It  will  therefore  follow  that  the  conditions  discussed,  a  and  r,  of 
this  proposition  will  not  exactly  hold  if  the  conditions  of  adhesion 
at  the  surface  here  proposed  be  true ;  as  the  reflex  action  by  this 
adhesion  would  be  less  frictional  at  any  plane  of  cohesion  throughout 
the  fluid  more  distant  from  the  solid  surface,  and  the  retrograde 
action  would  be  also  less  resisted  in  any  less  adhesive  plane.    The 
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conditions  of  this  adhesion  were  taken  in  functions  of  general  cohe- 
sion in  89  prop.,  quoted  b  in  this  proposition.  The  general  equation 
under  these  conditions,  from  surface  resistance  and  reflex  action, 
would  remove  the  retrograde  direction  of  the  fluid  proposed  to  a  small 
distance  from  the  plane  of  resistance,  so  that  if  a  counter  current 
were  formed  this  would  flow  the  opposite  way,  ftearyhut  not  directly 
upon  the  planes  of  resistance  as  given  in  this  proposition.  The 
principles  here  offered  may  be  shown  by  a  diagram,  which  may  be 
taken  conveniently  as  a  refinement  of  the  functions  of  biwhirl  action 
of  a  fluid  acting  directly  upon  a  resistant  adhesive  plane  solid.  I 
take  in  this  case  the  action  of  the  projection  only,  not  the  traction 
which  completes  the  curve. 


Fig.  137. — Diagram. — Deflection  of  a  Cramped  Whirl  near  a  Solid  Resistance. 

Let  Y  Y'  represent  a  plane  of  resistance  upon  which  a  flowing 
fluid  is  adhesive,  in  a  greater  ratio,  than  the  general  cohesion  of  the 
fluid  system. 

Let  Z'  to  Z  be  the  direction  of  a  flowing  force  in  a  fluid  that 
extends  to  the  plane  Y  Y'. 

Then  a  whirl  of  projected  fluid  deflected  from  its  plane  of  projec- 
tion Z'  to  Z,  as  shown  by  the  direction  of  the  lower  arrows,  would 
in  equally  cohesive  and  resisting  matter  make  contact  at  a  upon  the 
surface  of  resistance.  But  if  the  flowing  force  in  the  whirl  be  more 
resisted  near  the  plane  of  which  a  forms  a  part,  than  in  other  parts 
of  its  trajectory,  it  will  be  retarded  and  deflected  at  this  place,  and 
the  direct  momentum  of  the  following  parts  of  the  whirl  will  carry  it 
forward  by  flexure  to  smaller  radius,  the  place  a  now  being  assumed 
to  be  static,  so  that  the  reflex  action  to  the  direct  line  of  projection 
would  be  in  the  plane  represented  by  the  arrows  r,  c\  not  at  Y,  Y', 
directly  upon  the  plane  of  resistance,  but  near  to  it  only.  If  we 
now  compare  this  matter  with  the  directions  given  by  tractional 
forces  to  a  current  near  a  plane  of  resistance,  we  have  the  same 
directions  given  both  by  whirl  forces  and  by  traction  as  shown 
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Fig.  126;  so  that  by  both  principles,  a  reverse  direction  of  a  current 
should  occur  near  a  plane  of  longitudinal  resistance. 

f,  I  think  the  above  may  be  safely  accepted  as  a  principle  of 
projectile  fluid  motion.  It  may  be  shown  experimentally  by  the 
counter  currents  upon  any  extensive  flowing  stream  or  river,  though 
these  counter  currents  may  in  this  case  not  be  equal  on  both  sides, 
from  an  unequal  disposition  of  resistances;  but  in  all  cases  this  may 
be  taken  to  be  a  principle  of  relative  motion  in  a  flowing  current 

g.  Perhaps  the  least  demonstrable  conditions  of  a  counter  current 
would  be  in  the  cramped  whirls  of  a  liquid  flowing  through  a  pipe, 
as  in  this  case  the  reflex  action  must  be  brought  very  near  the 
resistant  surfaces.     I  have  therefore  sought  experimental  evidence 

for  this  particular  case,  by  giving  to  the  flowing  cur- 
rent great  velocity,  and  such  an  amount  of  freedom 
as  was  possible  for  continuity  of  projection,  as  in  the 
following  experiment  for  which  I  constructed  appar- 
atus. A  cistern  A,  in  the  bottom  of  which  a  brass 
tube  was  fixed  2  ft  9  inches  long,  and  f  of  an  inch  in 
diameter.  A  boss  was  soldered  on  the  brass  tube  at 
about  9  inches  from  the  lower  end,  and  a  small  hole 
drilled  through  this  into  the  tube,  the  hole  being  made 
smooth  inside.  A  small  glass  tube  was  inserted,  and 
bent  as  shown  in  the  sketch.  This  was  about  6  inches 
long,  the  lower  end  was  inserted  into  a  vessel  of  water 
B.  On  filling  the  cistern  and  allowing  the  water  to 
run  away  freely  through  the  brass  tube ;  the  water  was 
drawn  up  from  the  small  vessel  so  long  as  the  flow 
continued.  This  experiment  is  similar  to  one  of  Ven- 
turi,  wherein  the  pipe  is  placed  at  the  vena  contractu^  but  this 
position,  shown  by  Venturi,  is  entirely  unnecessary  for  the  effect 
This  same  direction  of  motion  in  the  small  tube  takes  place  in  both 
cases,  which  I  take  to  be  evidence  of  the  presence  in  the  pipe  of  a 
counter  current  throughout  its  length.  This  experiment  may  be 
also  used  as  a  demonstration,  that  the  flowing  liquid  does  not  fill 
the  pipe  entirely,  but  leaves  space  for  intermittent  action,  as  pro- 
posed, 90  prop.,  suflScient  to  include  the  small  current  flowing 
upwards  from  the  vessel  B.  The  pipe  B  may  extend  to  the  depth 
of  the  outlet  or  deeper  with  like  effect;  or  the  system  may  be 
placed  horizontally,  the  like  evidence  of  suction  being  in  all  cases 
present. 


Fig.  138.— Ex. 
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94.  Proposition:  A  flowing  fluid  in  a  channel  will  be  deflected 
from  every  resistance  by  motive  whirls  until  tlie  greatest  volume  of  tfte 
flowing  fluid  moves  in  the  tract  most  free  from  resistances  by  equiH- 
brium  of  rolling  contact, 

a.  Demonstrations  that  a  liquid  will  be  deflected  from  a  resistance 
in  cases  where  there  is  not  continuity  of  planes  of  adhesion  in  the 
direction  of  the  force  were  shown  42  prop.  It  is 
evident  also,  where  there  is  continuity  of  solid 
surface,  and  the  projectile  force  of  the  fluid  is 
sufficient  to  overcome  the  adhesion  to  the  solid. 
I  will  take  both  cases. 

Let  a  stream  of  water,  say  of  half  an  inch  in 
diameter,  fall  vertically  as  from  a  pipe,  and  place 
in  this  at  an  angle  to  the  course  of  the  stream 
the  edge  of  a  razor,  so  that  half  the  current  may 
pass  free,  and  half  be  deflected  by  the  surface 
presented  by  the  side  of  the  blade  of  the  razor. 
By  the  resistance  offered  to  this,  the  stream  will 
swell  out  slightly  half  an  inch  before  it  reaches 
the  edge  of  the  razor,  and  by  the  general  elastic 
forces  in  the  flowing  system,  which  will  be  conserved  after  passing 
the  resistance  (39  prop.),  will  fly  off"  from  it. 

b.  For  the  demonstration  of  projection  under  the  influence  of 
surface  adhesion  we  will  permit  an  undercurrent  to  enter  an  open 
parallel  channel ;  in  this  case  it  is  clear  that  the  central  area  of  the 
upper  surface  will  be  the  most  free  part  of  the  channel  from  near 
resistances.  Experimental  evidence  may  possibly  be  made  more 
conclusive  by  a  celebrated  experiment  of  Bossut,  which  is  as 
follows:^ — 

A  reservoir  of  water  of  about  1 1  feet  in  height  is  kept  constantly 
full  or  at  one  level  surface.  An  orifice  is  made  in  the  vertical  surface 
near  the  bottom  of  the  reservoir;  the  opening  being  five  inches  wide 
horizontally;  the  depth  being  adjustable  by  a  brass  sluice  valve, 
which  can  be  opened  to  any  required  distance  from  quite  close  to 
two  inches  by  the  movement  of  an  adjusting  lever.  A  trough  or 
canal  105  feet  long,  5  inches  wide  inside,  and  8  to  9  inches  deep,  is 
placed  at  the  orifice  quite  horizontally,  and  the  bottom  of  the  orifice 
from  the  reservoir  is  in  a  line  with  the  bottom  of  the  inside  of  the 
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*  Abb^  Bossat,  Traiti  d^ Hydrodynamiqtie^  vol.  xi.,  pages  196  to  206. 
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trough.  The  sides  are  also  in  a  line  with  the  edges  of  the  orifice. 
The  trough  is  made  of  strong  fir  planks  polished  inside,  with  quite 
smooth  joints. 

c.  In  the  experiment  I  wish  to  notice,  the  sluice  is  opened  exactly 
half  an  inch.   I  translate  Bossut's  words:  "  It  is  necessary  to  observe 


Fig.  14a — Ex.— By  Dossut  showing  Reverse  Surface  Direction. 


that  in  every  experiment  the  velocity  of  the  current  is  not  uniform, 
that  is,  that  each  separate  division  of  the  canal  will  not  be  traversed 
in  equal  time,  and  that  the  velocity  diminishes  as  the  water  recedes 
from  the  reservoir.  This  movement  has  some  particulars  which 
merit  observation.  When  we  raise  the  sluice  the  water  is  ejected 
along  the  bottom  of  the  canal,  and  at  first  keeps  only  in  this  direc- 
tion. But  as  it  proceeds  it  meets  with  resistance,  swells  on  itself, 
and  its  surface  takes  the  form  shown  by  dotted  lines  in  the  above 
engraving  E  M  G.  Then  it  falls  by  its  own  weight  from  the  highest 
point  M,  and  a  part  of  the  water  returns  towards  t/ie  reservoir,  fol- 
lowing the  direction  M  N.  There  is,  therefore,  in  the  part  C  M  of 
the  canal  two  currents  which  are  going  in  different  directions — the 
one  formed  by  the  deeper  water  which  goes  in  the  direction  C  F, 
and  the  other  by  the  surface  water  which  returns  in  the  direction 
MN,  and  which  is  very  apparent  at  the  commencement  This 
effect  terminates  at  a  point  N  at  about  12  feet  from  the  orifice  E  C. 
Little  by  little  the  swelling  of  the  water  diminishes,  although  it  always 
exists,  until  finally  it  takes  the  form  of  the  water  represented  in  the 
engraving  ERG,  where  the  point  R  is  the  highest  from  the 
bottom  of  the  trough.  The  water  which  arrives  at  each  instant 
from  the  reservoir  strikes  continuously  at  N  O,  the  mass  before  it, 
N  O  F  G,  mixes  with  it,  and  forms  the  mass  which  renewed  incess- 
antly returns  to  the  same  figure.  The  currents  of  which  we  have 
spoken  are  forcible  examples  of  those  which  form  in  rivers  or  the 
ocean,  in  all  instances  where  the  water  is  retarded  by  obstacles. 
We  see  in  this  case  that  the  water  swells  at  first  and  then  its  weight 
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causes  it  to  spread  itself  out,  from  which  it  results  that  currents 
may  take  any  possible  direction." 

The  motion  of  the  water  in  Bossut*s  experiment  may  be  explained 
upon  principles  of  resistance,  in  the  following  manner.  For  the 
general  flow  of  the  current  the  central  surface  horizontal  plane  would 
offer  the  least  relative  local  resistance,  whereas  the  surfaces  of  the 
trough  would  offer  local  resistances  in  proportion  to  the  pressures 
upon  them,  and  the  air  surface  would  offer  a  certain  small  resistance 
at  its  line  of  contact.  The  current  would,  therefore,  be  deflected  to 
form  contact  whirls  in  every  direction,  upon  which  the  flowing  force 
would  ride  by  rolling  contact,  but  as  the  local  resistances  would  be 
less  upon  the  upper  surface  than  upon  any  other,  the  general  whirl 
force  would  deflect  the  current  mostly  upwards  and  cause  a  general 
central  elevation. 

d.  For  the  entire  resistance  to  the  flowing  mass,  not  local  and 
transverse  only,  against  gravitation,  we  may  take  it  that  the  greatest 
amount  of  resistance  would  be  from  the  surface  of  the  bottom  of  the 
channel,  by  which  every  particle  of  the  liquid  would  be  retarded 
by  that  in  front,  42  prop.  It  would,  therefore,  occur,  that  the 
stream  in  its  flowing  force  would  have  a  constant  tendency  to  split 
upon  the  head  resistance,  and  upon  principles  of  conic  resistance,  to 
have  its  force  deflected  by  the  local  side  resistances,  so  that  whirls 
formed  by  the  general  system  of  resistances  would  curl  over  and 
roll  backwards  almost  frictionless  upon  the  central  part  of  the 
stream  opposite  to  its  general  flow. 

e.  Now  taking  the  directions  of  the  surfaces  of  resistance  that  sur- 
round a  flowing  liquid  stream,  the  aerial  surface  must  in  all  cases  be 
nearly  the  area  of  least  resistance.  In  the  case  of  the  trough  it 
would  be  particularly  so ;  therefore  we  have  a  much  greater  force  of 
adhesion  of  the  water  to  the  bottom.  Now  from  any  cause  whatever 
a  moving  fluid  actually  moves  away  from  points  of  resistance  to  the 
point  of  least  resistance  offered  to  it,  as  our  proposition  states,  there- 
fore in  this  experiment  the  air  presenting  little  resistance,  the  fluid 
would  move  into  this  with  all  the  energy  its  internal  accommodation 
permitted.  This  energy  may  be  computed  by  the  amount  of  matter 
it  would  be  able  to  carry  against  gravitation.  Having  this  plane 
of  least  resistance,  at  the  aerial  surface,  presuming  that  there  is 
an  increase  of  resistance  with  depth  of  water  from  nearness  of  the 
bottom,  the  liquid  would  take  a  rounded  form  upwards  in  the  air. 
The  mass  carrying  this  force  having  moved  to  the  surface  of  the 
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lid  not  again  sink  below  it,  as  in  order  to  do  so,  it  woul»-  — 

le  to  points  o^ gixaler  resistance,  which  is  impossible  fn^zz: 

d  especially  so  for  a  liquid  or  fluid  of  any  kind  tha^^ 

lin  its  own  matter  great  solidity  of  resistance.     Thcr^si 

l-t  of  the  body  which  has  now  received  the  impresse^- 

Iforward  with  the  stream,  but  the  part  which  impresses - 

s  reflection  and  returns  with  its  reflected  force,  accom^r^ 

impulse  of  natural  gravitation,  from  its  now  elevates— ^ 

Lirface  motion  back  in  the  reverse  direction  to  that  Jr 

t  originally  projected, 

s  experiment  shown  upon  the  principles  of  the  proposes 
lie  represented  by  the  diagram  below; — 


jn— Whirl  'rheoiy  of  Bosiul'i  Enpoimet 


1  projected  along  the  bottom  of  the  channel  toward  D 
l-d  by  the  resistance  of  the  channel  to  B,  where  an 
lliirl  is  formed;  from  the  centre  of  the  oblique  biwhirl 

;  reflex  current  falls  by  whir!  force  and  the  potential  of 

Id  at  first  sight  appear  from  the  above  that  an  undercur- 
pt  exist,  as  the  resistance  would  carry  the  greatest  motive 
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PRIKCIPLES    OF    MOTIVE    RESISTANCE    TO    THE    PROJECTION    OF 
FREE   SOLIDS   IN    EXTENSIVE   FLUIDS. 

95.  Preliminary  remarks. 

"■  Having  fully  discussed  in  the  previous  chapters  the  principles 
upon  which  motive  directions  are  given   to  fluid    forces  moving 
under  the  influence  of  solid  resistances,  which  arc  shown  to  produce 
simiiaror equivalent  deflections  in  whirl-forms,  complete  or  incipient, 
in  all  cases;  it  will  now  only  be  necessary,  as  regards  the  projection 
of  solids  in  open  fluids,  to  consider  the  conditions  under  which 
tlie  fluid  has  greater  freedom  to  complete  its  motive  force  lines 
by  the  uniformity  of  mass  resistances  in  contiguous  parts.     This 
matter,  although  I  know  it  to  be  an  important  part  of  my  subject, 
as  it  concerns  the  impulsion  of  ships,  I  have  been  unable  to  investi- 
gate as  I  wished,  and  I  can  only  direct  attention  to  certain  par- 
ticular conditions,  relative  to  previous  propositions,  which  may,  I 
tbink,  be  usefully  followed  as  principles. 

b.  I  have  endeavoured  to  demonstrate  by  theoretical  deduction, 
as  also  by  experiment,  that  when  any  particle  or  unit  mass  is 
projected  in  a  fluid  which  may  be  conceived,  as  r^ards  the  unit 
projection,  to  be  of  infinite  extent,  that  the  projected  unit  will 
engender  within  the  extensive  fluid  a  conic  area  of  resistance, 
aod  cause  lateral  deflections  of  the  forward  parts  of  the  fluid  (58 
prop,  page  170),  which  lateral  deflections  produce  annular  whirls,  if 
central  to  a  mass,  or  biwhirls,  if  the  fluid  impressed  is  a  plane  {yy 
prop.p^e  219). 

'  c  It  is  also  affirmed  by  other  propositions  that  the  same  prin- 
ciples of  motion,  or  their  equivalents,  will  engender  whirl  motion 
in  the  projectile  unit  itself,  if  this  be  a  fluid,  as  shown  in  the  single 
drqi  (66  prop.);  and  the  same  motive  forms  are  also  observed  in 
dw  projection  of  liquids  in  pipes  and  in  jets,  of  which  instances  are 
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given  in  the  last  chapter,  but  more  particularly  in  90  prop.  In 
the  consideration  of  the  projection  of  fluids  within  fluids,  taken  in 
chapters  5  and  6,  all  parts  of  the  projectile  and  the  resistant  are 
evidently  alike  mobile.  In  these  cases,  by  principles  of  conic  resist- 
ance, whirl  systems  are  induced  which  diffuse  the  unit  projection 
entirely  and  extensively  within  the  resistant  fluid.  In  the  case  of 
the  projection  of  a  solid,  we  have  a  simple  unit,  held  by  its  cohesive 
forces  constantly  under  motive  restraint,  and  this  being  of  fixed 
form,  all  resistances  and  motive  directions  for  accommodation  of 
fluid  forces  must  therefore  occur  wholly  outside  this,  that  is  within 
the  surrounding  resisting  fluid,  so  that  by  this  principle  of  motion, 
we  must  conclude  that  comparatively  to  the  motion  of  a  projectile 
fluid  previously  discussed  in  these  pages:  Tliat  a  solid  projectile 
body  moves  in  a  fluid  under  the  impression  of  forces  that  would  have 
separated  its  mass^  as  a  projectile  fluid  is  separated,  if  it  were  not 
held  under  tlie  restraint  of  its  cohesive  force.  In  this  manner  we 
may,  by  principles  already  discussed,  fairly  estimate  the  natural 
strains  from  the  direction  of  forces  active  upon  the  solid,  and  contra 
to  these,  the  strains  and  directive  forces  that  are  taken  in  the  fluid 
to  resist  them. 

d.  We  have  further  a  most  important  condition  evident  by 
experiment  in  the  projection  of  a  solid  in  water  which  renders  the 
projection  of  the  solid  in  a  certain  degree  equivalent  to  the  projec- 
tion of  a  fluid,  namely,  that  the  water  is  so  powerfully  adherent  to 
the  solid  and  cohesive  in  itself  that  the  solid  carries  with  it  in  its  pro- 
jection a  considerable  portion  of  the  contiguous  liquid  also.  There- 
fore we  must  conclude  that  the  solid  and  contiguous  liquid  form  in 
a  certain  sense  one  unit  projection.  This  contiguous  liquid  part  of 
the  projectile  system,  when  the  velocity  of  the  projectile  has  been 
maintained  for  a  certain  time,  forms  no  mean  factor  of  the  entire 
projection.  This  is  made  quite  evident  by  the  important  experience 
of  Mr.  J.  Scott  Russell  given  34  prop,  d  page  116,  wherein  the 
projection  of  a  boat  in  a  canal  engenders  a  motion  in  a  m^ss  of 
contiguous  water  that  possibly  quite  equals  the  boat  in  volume- 
force;  which  is  made  evident  by  suddenly  stopping  the  boat,  which 
represents  one  factor  only  of  the  projectile  system.  The  liquid  in 
this  case  by  its  internal  mobility  continues  a  certain  part  of  its  pro- 
jection after  its  frictional  detachment  from  the  boat.  By  this  tlieory 
of  projection  of  a  united  solid  and  surrounding  liquid  system, 
being  assumed  to  form  one  unit  of  projection,  we  may  conceive  also 
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that  motive  forms  of  whirl,  or  other  systems,  may  be  induced  by 
the  liquid  part  of  the  projectile  within  the  resistant  liquid.  This 
principle  will  offer  much  less  frictional  modes  of  motion  than 
those  that  would  be  produced  by  any  form  of  slipping  or  gliding 
motion,  if  such  were  possible;  and  will  bring  the  condition  of  solid 
projection  much  nearer  in  principle  to  fluid  projections  than  would 
be  possible  if  the  evident  adhesive  and  cohesive  action  between  the 
solid  and  fluid  were  to  be  entirely  overcome  at  the  surface  of  the 
solid. 

Equilibrium  of  forces  about  a  solid  projected  in  a  liquid. 

96.  Proposition  \  Asa  body  placed  in  a  liquid  will  be  surrounded 
by  equal  pressures  at  equal  depths  of  the  liquid;  this  bodyy  if  moved 
horizontally,  will  after  t/te  first  impulse  encounter  very  little  greater 
head  resistance  than  it  will  receive  pressure  from  behind;  but  as  the 
body  to  continue  its  motion  must  displace  a  certain  bulk  of  the  liquid 
from  tJie  front  to  t/te  back,  the  force  required  for  the  continuity  of  its 
movement  will  be  as  the  friction  of  this  displaceinent. 

a.  From  the  general  instability  of  fluid  matter  by  which  near 
particles  under  the  impression  of  small  forces  may  move  quickly 
to  equilibrium;  moving  masses  slowly  impressed  by  constant  forces 
might  attain  motion  with  very  small  resistance  where  the  general 
surrounding  equilibrium  was  not  much  disturbed^  But  as  higher 
local  velocities  were  attained,  the  accommodation  could  not  be  so 
immediate,  and  the  compressions  engendered  by  the  forward 
motions  would  extend  in  the  fluid  to  much  greater  area  and  move 
in  this  area  with  less  freedom  until  the  resistance  might  approach 
the  general  conditions  of  the  elastic  reactive  forces  of  a  compressed 
fluid.  Where  such  a  system  would  not  offer  the  entire  solution 
for  the  effect  of  a  given  forward  fluid  resistance,  is  that  the  fluid 
being  an  elastic  system  of  freely  jointed  matter,  the  resistant  parts 
would  by  deflection  under  the  compression  attain  set  directive 
motive  forms  of  projection,  which  would  be  those  in  the  path  of 
least  resistance  for  the  displaced  fluid  to  move  to  the  position  of  the 
displaced  solid  projected  therefrom.  These  displaced  parts  would 
have  also  directive  energy,  and  produce,  as  I  will  hereafter  show, 
rotary  systems  of  motion  in  the  fluid,  consistent  with  the  velocity  of 
the  moving  body,  which,  by  deflection  of  the  fluid  to  backward 
parts,  would  either  increase  or  decrease  the  general  resistance  to 
forward  progress  of  the  solid.     In  this  manner  the  resistance  to  the 
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motion  of  a  body  in  a  fluid  would  be  proportional  to  the  powers  of 
the  set  motive  forms,  either  to  assist  or  interfere  with,  the  system 
of  accommodation  that  it  would  be  possible  to  set  up  for  its  impul- 
sion at  a  certain  velocity,  and  not  as  a  function  of  the  transverse 
section  presented  to  the  adhesive  fluid  resistance.  The  motive  forces 
engendered  in  the  fluid  about  the  solid  would  form  a  part  of  the 
system  of  general  projection  as  before  stated,  and  these  forces 
would  be  active  upon  the  projection  of  the  solid,  into  the  resistance 
according  to  the  directions  of  motions  induced. 

b.  The  researches  of  Messrs.  J.  Scott  Russell,  Rankine,  Froud, 
Stokes,  and  others,  have  demonstrated  that  certain  forms  of  vessels 
will  offer  less  resistance  than  other  forms,  these  not  being  neces- 
sarily proportional  to  the  volumes  of  displacement  These  conditions, 
will  be  better  developed  by  future  propositions.  This  proposition 
need  only  be  taken  in  a  very  general  sense. 

Projection  of  whirl  forces  by  free  solids  moving  in  fluids. 

97.  Proposition:  That  a  free  solid  moving  in  a  fluid  of  infinite 
extent  will  carry  forward  with  its  motion  t/te  nearest  portion  of  fluid 
in  front  t/iat  resists  it,  and  with  this  portion,  will  open  out  a  cone  of 
resistance  in  the  fluid  and  engender  whirls,  tliat  zvill  by  their  rota- 
tion ensure  rolling  contact  upon  the  gefieral  mass  of  the  resisting 
fluid. 

a.  If  a  solid  move  forward  in  water  it  must  of  necessity  occupy 
the  space  formerly  occupied  by  water,  and  as  the  water  remains 
during  the  movement  at  nearly  the  same  level  at  its  surface,  except 
for  such  small  differences  as  I  will  hereafter  consider,  it  is  clear 
that  a  certain  quantity  must  be  constantly  moved  from  the  forward 
to  the  backward  part  of  the  projectile  solid,  as  discussed  in  the 
last  proposition. 

b.  The  pressure  upon  the  water  by  the  movement  of  a  solid 
below  its  surface,  upon  the  above  conditions,  will  in  every  way 
resemble  the  pressure  of  water  upon  water,  because  I  infer  that  a 
certain  volume  must  constantly  be  moved  forward  by  this  pressure, 
that  is,  it  must  move  until  it  is  displaced  by  the  solid  as  given,  a 
above.  Now  if  such  a  volume  be  pressed  forward  this  must  act 
in  its  pressure  exactly  as  though  it  were  a  projectile  current  of 
water,  and  the  same  forms  of  motive  resistance  will  be  engendered 
in  the  resisting  water  as  were  shown  in  principle  in  73  prop.,  page 
209,  except,  in  this  case,  that  the  projectile  fluid  will  be  held  under 
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«  certain  restraint,  by  the  presence  of  the  near  solid  to  which  it 
will  adhere  with  a  certain  force. 

c.  It  may  also  be  conceived  from  previous  experiments,  that  the 

water  at  the  head  of  a  moving  solid,  as,  for  instance,  a  boat,  will 

impress  the  resistance  of  the  extensive  fluid  in  front,  which  offers  by 

surrounding  hydrostatic  pressures  conic  resistance,  upon  principles 

ffiven  in  58  prop.     This  form  of  resistance  is  also  evident  under 

conditions  given  in  40  prop.  ^  of  a  peg  in  a  stream,  the  water  in  this 

case  being  motive,  which  is  equivalent  to  the  solid  being  motive, 

*he  h'quid  being  in  both  cases  elevated  at  a  distance  in  front  of  the 

^olid,  or  in  the  place  where  the  motive  resistance  is  deflected.     It 

*^   also  clear,  as  before  shown,  that  such  a  solid  as  a  boat  cannot 

^^Parate  its  own  mass  upon  the  conic  resistance,  except  in  so  far  as 

*^  is  a  system  of  motion  including  the  fluid  carried  with  it  of  which 

^^  liquid  projected  in  front  forms  a  part.   Therefore  after  a  certain 

^'^cunt  of  deflection  of  the  water  carried  forward  by  the  boat,  which 

'^  cJisplaced,  the  boat  then  enters  the  cone  of  resistance  by  a  motion 

^^^t  is  practically  a  fracture  of  the  resistant  cone  in  its  axis. 

«i  In  the  above  case  of  fracture  of  the  cone  of  resistance  by  a 
^^lid  projectile,  the  projectile  will  encounter  the  least  resistance 
**^    its  lateral  parts  and  near  the  aerial  surface  of  the  water,  particu- 
^rly  for  impressions  of  forces  from  the  boat  at  positions  below  the 
^^rface  of  the  water.     Therefore  into  the  smallest  resistances  or 
^'«akest  parts  of  the  aerial  surface  the  projectile  forces  in  this  case 
^"ill  be  deflected,  and  towards  the  weakest  points  of  resistance  the 
projectile  water  carried  by  the  boat,  will  be  best  able  to  complete 
^\2ch  circulatory  forms  of  motion  as  are  necessary  to  ensure  roll- 
ing contact  to  its  projection.     It  will  also  follow  that  as  all  parts  of 
the   aqueous   system   have  equal   density,  that    in  proportion   as 
the  head  of  the  boat  by  its  for\vard  protrusion  penetrates  the  water 
below  the  surface,  the  cone  of  impression  formed  by  resistance 
of  the  moving  water  in  front  of  the  boat  will  be  more  resisted ;  since 
the  surface  will  relatively  offer  but  little  resistance  to  the  conic  areas 
directed  from  the  stem  of  the  vessel.     The  deflection  of  the  water 
therefore  by  the  minus  resistance  will  be  towards  the  surface  both 
forward  and   laterally,  so  that  the  whirl  system  formed  at  the 
surface  will  be  in  the  plane  of  the  surface  nearly,  or  biwhirL 

€.  The  visible  evidence  of  the  generation  of  a  projectile  biwhirl 
system  about  the  head  of  a  boat  in  full  motion  will  be  seen  by  the 
conic  preiisure  at  the  surface  of  the  water  at  the  bows  of  the  boat, 
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■  forward  water  from  the  boat  laterally  imnicdiatc^t 

Bes  in  contact  with  the  full  resistance  due  to  the  pre     .s: 

F  level  surface  of  the  water.    This  is  exactly  equivalci^Br  - 

1  of  the  water  before  the  pej^  in  the  stream  (40  prop^^ 

If  the  whirl  force  did  not  deflect  the  water  from  th^t 

loat,  but  that  the  boat  came  upon  the  resistant  wat»:^ 

Impression,  then  the  mass  of  the  water  in  front  woud   J 

Bve  tile  general  surface  directly  at  the  head  of  the  bo^^^ 

c  is  elevated  when  it  impinges  upon  a  solid  vertic^-  ^ 

iurface  of  resistance;  the  elevation  being  in  dirt"     ■ 

limmediate  compression  upon  tlie  nearest  part  of  th"-^ 

s  water  about  the  area  of  contact 

ove  principles  the  constant  forward  motion  of  a  solEt^ 
as  constantly  overcome  the  forward  liquid  resistance^ 
s  of  deflections  it  induces.    This  continuity  of  projec- 
lible  the  constancy  of  projection  of  small  forces  given  in 
ein  the  projection  deflects  thcwhirl  backwards.or  more 
liking  leaves  it  behind  in  continuing  its  direct  forward 
;  conic  resistance  .separating  the  projectile  force  in  a 
;a,  as  is  shown  in   the  engraving  Fig.  100,  page  2i6, 
liri-ring  is  left  behind. 

J  manner  the  forward  projectile  whirls  from  a  solid 

fchind  if  the  solid  be  constantly  pressed  forward  with  a 

Therefore  this  fact  will  open  out  to  us  a  method  of 

I  projcctiic  whirls  engendered  by  the  forward  motion  of 

I  may  make  the  solid  so  short  lineally  to  the  direction 

T  developed,  and 
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1.  The  experiment  I  tried  was  as  follows: — a.  trough  20  feet  long. 
1 1  inches  wide,  and  of  the  same  depth,  was  filled  9  inches  deep  witli 
water.  A  piece  of  board  of  convenient  size  to  hold  in  the  hand,  1 5 
inches  long,  5  inches  wide,  and  l  inch  thick,  was  held  upright  in  the 
water  in  the  trough  near  one  end ;  the  end  of  the  board  being  sunk 
about  6  inches  below  the  surface.  This  board  was  moved  along  at 
walking  pace,  keeping  it  vertical  and  at  equal  depth.  The  whirls 
induced  by  the  forward  pressure  could  be  clearly  observed  deflected 
behind  the  board  and  moving  backward  to  fill  up  the  space  of  dis- 
placement The  general  forms  and  directions  of  these  whirls  are 
shown  in  the  engraving,  Fig.  142,  which  is  taken  from  an  angular 
solid  made  in  section  to  represent  the  head  of  the  boat.     In  this 
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case  the  whirls  that  are  thrown  behind  the  projection  are  not  spread 
out  as  in  the  case  of  projection  of  small  forces  previously  shown 
Fig.  102,  page  221,  as  the  surrounding  forces  are  not  quiescent  but 
laterally  motive  relative  to  the  projection,  from  traction  of  the 
water  behind  the  projectile  solid.  The  conditions  of  the  whirls  as 
following  forces  I  will  hereafter  consider,  the  present  proposition  is 
used  for  the  demonstration  of  the  existence  of  whirls  simply  being 
induced  by  the  displacement  of  solids  in  fluids. 

98.  Proposition;  Tlmt  a  free  solid  plane  moving  longitudinally 
in  OH  extensive  Jlttid  will  engender  projectile  whirls  in  t/te  fluid  by  ad- 
hesion 0/ the  fluid  to  its  surface,  such  whirls  will  form  means  of  roll- 
ing contact  to  all  lateral  resistances  in  the  fluid. 

a.  The  principles  of  lateral  resistances  discussed  In  props.  88,  89, 
and  90,  will  answer  for  the  present  one,  except  where  conditions  of 
restraint  are  pointed  out  in  these  propositions,  in  which  projectile 


288  PROPERTIES  AND  MOTIONS  OF  FLUIDS.  ^Pf^. 

solids  in  an  extensive  fluid  will,  from  the  fluid  being  more  free  from 
rigid  resistances,  cause  the  motive  lateral  forces  to  be  developed 
upon  a  larger  scale  as  more  free  whirls. 

^.  If  we  consider  the  solid  plane  of  resistance  shown  Fig.  I2i, 
page  249,  as  a  projectile  plane  relatively  to  the  motion  of  the  water. 
This  plane  in  moving  forward  will  produce  exterior  pressures  at  a 
distance  from  its  mass  by  conic  areas  of  equivalent  projection  to  the 
cases  of  resistance  previously  discussed  (88  prop.). 


0 

Fig.  Z43. — Diagram — Conic  Deflections  near  Motive  Solids. 

r.  Taking  the  diagram  given  Fig.  121  to  represent  the  part  of  the 
diagram  above  B  B'  A ;  A  being  the  point  previously  taken  for  the 
extent  of  resistance  in  fluid  moving  parallel  to  the  plane  of  resistance 
upon  B  B',  which  resistance,  as  regards  forward  parts,  was  shown 
to  be  derived  from  conic  areas  of  adhesion  Kab,  A  ^  B',  the  flowing 
force  being  by  the  resistance  thereby  deflected  in  the  direction 
of  the  incurved  arrow  as  shown  near  A,  turning  the  current  in- 
wards towards  the  plane  B  B'.  In  the  case  discussed  in  88  prop, 
the  point  of  resistance  of  the  central  area  or  most  free  part  of  the 
current  was  assumed  to  be  only  at  A.  If  we  now  take  the  case  of  an 
infinitely  free  fluid,  the  lateral  resistances  may  be  assumed  to  extend 
to  any  distance,  but  the  values  of  the  forces,  derived  from  the  angles 
of  effective  resistance,  will  decrease  in  like  ratio.  Thus  if  we  assume  a 
distant  point  r,  and  take  the  resistance  of  the  same  surface  as  before 
taken  a  by  this  oblique  cone  in  an  infinitely  jointed  cohesive  system 
of  matter  will  offer  much  less  resistance  to  the  motion  of  the  plane  B 
to  B'  in  ratio  of  its  constantly  increasing  angle  of  divergence  from 
the  direction  of  projection.  It  will  also  be  seen  that  the  diagram, 
Fig.  121,  shows  in  this  case  the  same  form  of  directive  lines  as  that 
given  in  Fig.  1 36,  page  272,  and  the  same  forms  of  motion  as  given 
in  93  prop,  will  be  necessarily  followed  in  this  form  of  projection  as 
in  that  in  a  restricted  area,  except  for  the  effects  of  deflection  due  to 
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nstraint,  in  the  closeness  of  area  previously  considered,  in  the 
one  case. 

^  Upon  the  above  principles  of  conic  projection  it  will  be  seen 
a  moving  solid  in  a  liquid,  particularly  after  it  is  surrounded 
established  whirl  forms,  will  not  have  the  deflected  liquid  which 
"  t  opposes  thrown  up  against  it  as  a  wave  against  a  sea  wall,  but 
t:he  moving  solid  will  rather  by  conic  projection  press  the  liquid 
ba.ck  from  its  surfaces  of  contact  into  lateral  space. 

€*.  If  the  adhesive  whirls  upon  a  moving  side  surface  ^rc  projccti/e, 
the  fluid  in  contact  will  be  projectile,  therefore  for  a  moving  body  to 
continue  its  projection  in  a  fluid  there  must  be  means  of  supply  for 
such  projection.     In  this  case  we  must  imagine  some  of  the  condi- 
tions given  go  prop,  as  active,  and  consider  that  the  surface  receives 
sxipply  at  such  positions  as  arc  most  free  from  projectile  whirls,  or 
*^rom  fluid  forces  otherwise  directed,  to  enter  the  system  of  motion ; 
the  condition  of  which  will  vary  under  different  circumstances. 

^.  The  best  means  that  I  can  suggest,  to  ascertain  the  presence  of 

projectile  whirls  being  thrown  off"  the  surface  of  a  solid  moving  in  a 

"Uid,  would  be  to  endeavour  to  measure  the  loss  such  fluid  sustained 

^^^r  the  surface  of  the  solid  by  the  whirl  projection,  in  some  parti- 

^^larcase,  where  the  supply  of  fluid  could  not  be  brought,  or  could  be 

'^'"CDught  only  by  a  very  frictional  course,  so  that  the  deficiency  would 

"^cJicate  the  consumption  of  the  fluid  in  whirl  projections.     This 

'^''c^uld  no  doubt  be  difficult  to  do  directly,  but  by  restricting  the  sup- 

^^'i' of  the  fluid  to  form  the  necessary  whirls,  by  any  means,  this  re- 

^ Action  would  possibly  produce  a  strong  impulse  to  draw  the  fluid 

^^'^ards  the  static  plane  of  rest  upon  which  it  must  be  motive  by 

^^^lling  contact    This  may  be  perhaps  best  shown  by  the  principles 

^scussed  51  prop.,  page  156;  where  it  is  shown  that  it  is  mechani- 

'^Jly  possible  by  whirl  systems,  which  are  there  described  as  volutes, 

^^  continue  a  force  of  projection  in  a  fluid  without  great  loss  of 

'^locity  by  constant  disintegration  of  a  part  of  the  flowing  force 

^^  form  the  involuted  system  of  the  whirls. 

g.  It  will  also  be  clear  that  if  in  the  projectile  whirl  system  of  a 
^olid  and  a  fluid,  whirls  arc  thrown  off"  in  the  fluid  and  carried  for- 
M^ard  by  the  solid  moving  longitudinally,  as  a  necessary  friction- 
^ving  motion  upon  resistances  at  parallel  distances,  that  the  fric- 
tion of  a  moving  plane  will  be  greater  than  that  of  a  moving  fluid  in 
a  current  of  like  extent  that  could  supply  freely  such  a  whirl  system 
as  that  shown  5 1  prop,  r,  from  its  own  mass. 

19 
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h.  Accepting  the  above,  if  we  move  a  solid  body  having  a  plane 
under  surface  over  and  parallel  to  another  solid  plane  of  more  exten- 
sive area,  between  which  planes  there  is  intervening  an  equal  depth 
of  liquid;  the  moving  body  with  its  adhesive  liquid  would  then 
form,  one  of  the  planes  capable,  as  previously  discussed,  of  engen- 
dering a  projectile  whirl  system  in  tlie  intervening  liquid,  tending  to 
throw  its  whirls  as  shown  in  the  last  proposition,  Fig.  142,  out  of  the 
motive  system  at  the  back  of  the  solid  projection.  So  that  if,  as  is 
the  case,  the  projectile  solid  is  unable  to  supply  from  its  mass  the 
necessary  fluid  whirls  to  secure  rolling  contact,  the  intervening 
fluid  will  be  projected  backwards  or  some  other  very  frictional  mode 
of  supply  must  be  induced,  as  that  of  a  gliding  motion. 

I.  By  previous  theory  I  have  assumed  in  all  fluid  motions  that 
sliding  would  be  excessively  frictional  and  that  rolling  contact  would 
be  almost  the  only  possible  form  of  motion  for  the  movements  of 
fluids  upon  themselves  or  upon  solids.  Therefore  if  the  system  of 
rolling  contact  is  persistent  in  the  case  proposed,  for  the  contact  of 
the  liquid  upon  the  resistant  surface,  the  direction  of  such  motion 
will  be  persistent  also,  excepting  as  it  is  withheld  by  restraint  or  by 
some  other  force. 

j.  In  this  manner  we  might  theoretically  separate  the  effects  of  the 
action  of  the  two  solid  surfaces  between  which  a  resisting  fluid  is 
placed,  and  assume  that  so  far  as  one  of  the  surfaces  of  the  moving 
solids  is  concerned,  that  the  intervening  fluid  would  supply  all 
necessary  matter  for  integration,  thus  forming  the  whirl  system  of 
rolling  contact,  as  assumed  to  be  the  least  frictional  on  one  of  the 
planes.  In  this  case,  supposing  the  intervening  liquid  disintegrated 
by  rolling  contact  upon  the  lower  surface  of  resistance,  that  is,  upon 
the  bottom  plane,  and  that  a  motive  solid  is  placed  above  thfs,  which 
will  evidently  be  unable  to  supply  liquid  for  this  disintegration,  it 
is  then  quite,  clear  that  if  there  is  no  direct  means  of  supply  of  the 
liquid  for  whirl  production,  that  the  upper  plane,  that  is  the  solid, 
would  be  forcibly  drawn  down  to  supply  the  deficiency  of  fluid  mat- 
ter to  form  the  friction  whirls.  We  ought  therefore  to  be  able  ex- 
perimentally to  obtain  evidence  of  the  truth  of  this  proposition  by 
the  motion  of  any  solid  parallel  surface  moving  at  a  limited  distance 
over  another  like  surface  with  any  intervening  fluid  body  whatever 
filling  the  interspace. 

k.  To  obtain  experimental  evidence  of  this  proposition  we  may 
assume  the  following  conditions: — that  a  boat  carrying  an  adhesive 
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liquid  with  it,  and  moving  along  a  stream  would  engender  a  system  of 
projectile  whirls  by  constant  friction  upon  the  bottom  of  the  stream, 
upon  principles  already  discussed;  and  that  the  whirls  thrown  off 
from  the  liquid  which  was  adhesive  to  the  bottom  surfaces  of  the 
*^oat  upon  conditions  similar  to  the  volutes  of  51  prop,  would  be 
»"<^tained  with  certain  force  upon  the  bottom  surface  of  the  stream, 
si.nd  if  there  were  no  frictionless  exterior  means  of  supply  of 
'^^'ater,  that  the  boat  would  follow  the  projectile  direction  of  the 
"^vliirls,  as  a  part  of  the  flowing  force  of  the  whirl  system,  and  be 
<Jra\vn  downwards. 

/-  For  experiment  the  following  was  arranged: — A  boat-shaped 
'^^g  with  vertical  sides  and  a  perfectly  flat  bottom,  of  18  inches  in 
length,  5  inches  in  width,  and  3  inches  in  depth  was  made  out  of  a 
^olid  piece  of  wood.      The  top  and  bottom  surfaces  were  therefore 
flat  and  of  equal  dimensions.   A  piece  of  sheet-lead  was  nailed  upon 
tl\e  entire  bottom  surface  so  that  the  log-boat  was  in  stable  equili- 
brium within  the  surface  of  the  water.     The  upper  surface  of  the 
boat  floated  at  about  half  an  inch  above  the  water  line,  horizontally. 
A  piece  of  string  was  now  attached  to  the  upper  surface  of  the  log- 
boat  by  means  of  a  nail,  so  that  tlie  boat  could  be  drawn  along  the 
trough.      Placing    the  boat   upon   my  trough,   21    feet   in  length, 
previously  described,  which  contained  8  inches  in  depth  of  water 
everywhere  throughout  its  length;  I  now  held  the  string  at  an  angle 
of  about  30  degrees  to  the  surface  of  the  water  and  drew  the  log-boat 
along  with  it,  after  me,  at  walking  pace.     In  observing  the  boat  1 
found  that  the  upper  surface  immediately  sunk  to  the  level  of  the 
^'atcr,  notwithstanding  the  force  that  I  used  to  draw  it  along,  was 
tending  to  pull  it  upivards.     When  I  quickened  my  pace  a  little 
^e  entire  boat  sunk  beneath  the  surface  of  the  water.     The  point 
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Fig.  144. — Ex.— Evidence  of  Projciiilc  Whirls  aljout  a  Sulid. 

"y  which  the  boat  was  drawn  in  these  experiments  was  directed 
^  the  centre  of  inertia  of  the  boat  for  the  angle  taken,  so  that 
«e  log-boat  remained  approximately  horizontal  throughout  its 
"dement 
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;//.  The  above  diagram  was  drawn  to  represent  tliis  system  of 
motion  according  to  my  theory.  The  boat  is  shown  in  the  engrav- 
ing much  too  high  above  the  water,  and  the  whirls  do  not  appear  to 
extend  to  the  lower  surface  of  the  trough  which  they  should  do.  I 
suppose  my  sketch  for  the  diagram  was  not  very  clear,  but  anti- 
cipate the  engraving  will  sufficiently  indicate  the  principle.  This 
motion  of  the  boat  downwards  would  be  entirely  anticipated  upon 
the  principles  discussed  for  the  directive  influence  and  energy  of 
projectile  whirls  by  lines  of  rolling  force  engendered  by  its  motion 
under  the  conditions  given,  but  I  do  not  see  how  it  could  be 
accounted  for  by  any  other  system  elsewhere  proposed.  If  the 
water  could  slip  or  glide  upon  itself  or  upon  the  boat,  gravitation 
being  constantly  equal,  the  boat  would  move  upwards  towards  the 
direction  that  it  was  pulled  by  the  string,  and  not  sink  downwards 
as  in  the  experiment  given. 

;/•  It  may  be  observed  that  the  restrained  curves  of  fluid  force 
discussed  above,  would  have  their  functions  materially  changed  by 
any  other  form  of  boat  than  one  with  a  flat  bottom  and  vertical 
front.  Thus  suppose  there  was  a  directive  angle  in  front  as  we  ob- 
serve actually  in  ordinary  boats,  the  surface  water  would  then  be 
deflected  downwards  by  this  angle,  and  the  deflected  water  would 
supply  the  necessary  material  for  friction  volutes  (5 1  prop.).  In  this 
case  quite  the  reverse  effects  would  be  observed,  for  instead  of  fric- 
tion of  contact  consuming  and  throwing  backwards  the  fluid  between 
the  frictional  planes,  it  would  be  introducing  fluid  between  them  by 
continuity  of  contact  upon  the  lower  surface  of  the  boat,  and  thus 
cause  the  directive  angle  to  draw  in  water  to  maintain  the  whirls 
upon  which  the  boat  would  ride,  and  be  therefore  emerged  instead 
of  submerged  by  any  increase  of  velocity.  In  this  case  also,  the 
resistance  from  the  greater  power  of  inducing  whirls  of  rolling  con- 
tact by  the  deflected  plenitude  of  material  at  the  head  of  the  boat, 
the  friction  would  be  considerably  reduced,  that  is  if  the  velocity 
were  within  the  ratio  of  possible  accommodation  in  the  liquid  for 
this  form  of  motion. 

0,  By  the  above  principles,  to  attain  the  least  friction  for  the  im- 
pulsion of  a  boat  of  a  given  volume,  it  should  be  built  in  no  part 
parallel  to  the  direction  of  motion  but  rather  of  ellipsoidal  form. 
The  whirls  formed  at  the  forward  parts  should  complete  their  pro- 
jections on  the  backward  parts  with  re-entering  curvature.  This 
will  also  meet  conditions  I  will  point  out  further  on. 
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99.  Proposition:  T/iat  t/ie  lateral  whirls  upon  a  moving  plane  in 
a  fluid  will  be  dei^eloped  to  tlu  greatest  amplitude  at  a  certain  moderate 
velocity.  That  at  lower  velocities  tlie  fluid  will  find  accommodation 
for  whirls  of  smaller  projection,  Tliat  at  higlter  velocities  the  projec- 
tile forces  will  separate  tlie  colusion  of  the  fluid  systefn  and  cramp  the 
whirls.  The  resistance  will  be  to  tlie  velocity  inversely  proportional 
to  the  amplitude  of  the  ivhirls, 

a.  That  an  infinitely  jointed  system  of  matter  would  move  by 
very  small  forces  the  near  parts,  and  by  moderate  forces  the  distant 
parts,  was  discussed  by  the  conditions  of  a  hanging  chain  (53  prop. 
b,  page  160),  wherein  it  was  shown  that  a  small  force  when  first  im- 
pressed on  the  lowest  link  of  the  chain  would  move  the  lowest  link 
only,  but  a  larger  force  would  set  the  whole  chain  in  motion.  It 
was  further  shown  that  a  force  at  high  velocity  would  also  move 
the  lowest  link,  that  is,  it  would  move  upon  its  nearest  free  part  or 
axis,  as  the  inertia  of  the  near  part  would  be  entirely  overcome 
without  materially  disturbing  that  of  the  whole  jointed  system. 
The  like  conditions  were  also  shown  for  a  more  rigid  jointed 
system  as  a  pile  of  single  bricks  in  5  3  prop,  d, 

b.  Principles  equivalent  to  these  may  be  assumed  to  hold  good 
in  the  generation  of  lateral  whirls  about  a  solid  plane  moving  in  a 
liquid  longitudinally;  so  that  in  the  impression  of  intense  forces 
the  system  of  possible  accommodation  in  the  fluid  may  necessitate 
separation  of  the  molecular  parts  from  their  systems  of  continuous 
jointing,  to  produce  a  motive  displacement  that  may  contain 
certain  elements  which  are  nearly  equivalent  to  fracture. 

c.  The  whirls  from  a  projectile  surface  moving  laterally  in  a  fluid 
will  be  generally  developed  proportionally  to  the  force  of  projection, 
and  the  freedom  from  lateral  resistances  conjointly.  The  friction 
of  resistance  to  the  fluid  will  be  for  the  most  part  distributed  in 
area,  that  is,  where  the  whirl  system  can  take  the  greatest  ampli- 
tude; but  if  the  system  of  rolling  contact  can  be  equally  developed 
without  great  friction  in  a  smaller  area,  there  will  then  be  less 
inertia  of  the  surrounding  fluid  to  overcome,  in  order  to  induce 
whirl  motions,  and  the  entire  motion  will  be  also  less  frictional  in 
such  slow  projections. 

d.  For  the  conditions  of  the  slow  projection  of  a  plane  moving 
longitudinally  in  a  liquid,  we  may  be  assured,  that  as  the  solid  will 
possess  only  a  certain  length  of  plane,  the  flo7u,  as  wc  may  term 
it,  of  the  liquid  that  is  adhesive  upon  this  plane  will  only  engender  a 
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motion  for  a  certain  distance  laterally  in  an  extensive  fluid;  for 
this  contiguous  fluid,  considered  as  an  infinitely  jointed  system 
of  matter,  will  move  under  slow  motions  by  accommodation  within 
•  its  near  parts,  within  such  space  of  diffusion  as  that  in  which  the 
distributed  projectile  force  will  be  best  able  to  overcome  the  inertia 
of  the  resistance  of  the  mass  of  the  static  fluid.  Therefore  we  can 
imagine  that  in  the  projectile  whirl  system  of  a  solid  moving  in  an 
extensive  fluid,  if  the  movement  be  slow  the  whirl  projectile  force 
will  be.  wcak^  and  not  widely  distributed  against  the  resistance  or 
inertia  of  the  liquid;  and  that  under  such  circumstances,  the  resist- 
ance will  be  Icss^  from  the  smallness  of  the  whirls  necessary  to  be 
produced  to  ensure  rolling  contact,  that  is,  than  it  would  be  if  the 
projectile  amplitude  of  the  whirl  were  such  as  to  carry  the  projectile 
force  into  more  extensive  space,  to  move  a  greater  mass  of  the 
contiguous  fluid. 

e.  Upon  this  principle  of  lateral  whirl  projection,  the  projection  of 
a  solid  may  be  resisted  more  or  less  than  in  proportion  to  any 
direct  function  of  velocity-projection  of  the  solid  simply,  or  as 
the  amount  or  weight  of  fluid  to  be  displaced ;  and  thus  the  velocity 
of  a  boat  in  relation  to  the  propelling  force  used  to  project  it  in 
the  water,  may  be  more  or  less  than  any  given  function  of  the  force 
employed.  This  condition  of  development  of  small  friction  whirls 
here  proposed,  will  be  tlie  condition  of  any  slow  constant  projection 
when  small  disturbance  only  is  evident,  as  in  the  projection  of  a 
boat  at  low  velocity  on  smooth  water,  when  the  surface  of  the 
water  is  undisturbed  at  a  very  short  distance  from  the  boat. 

/  We  may  now  consider  another  case,  given  in  the  proposition,  of 
projection  entirely  different  from  that  discussed  above,  where  the 
velocity  at  which  a  solid  moves  in  water  may  be  such  that  it  will 
overcome  the  cohesive  force  of  the  water  entirely,  so  that  the  water 
will  hQ  fraciuredy  or  separated  into  such  forms  of  motion  as  philo- 
sophers have  considered  for  the  conditions  of  gliding  motions.  I 
do  not  believe  such  forms  of  motion  as  glidings  can  by  mechanical 
means  be  produced  about  a  ship  by  known  forces  possible  to  be 
applied.  But  certain  high  speeds  may  approach  the  principle  of 
this  form  of  motion  by  restraint  of  the  whirl-forming  space,  as  was 
shown  in  principle  by  instant  impressions  on  our  hanging  chain  just 
referred  to,  where  a  system  moves  by  intense  force  on  its  nearest 
joint,  so  that  this  near  motion  may  be  taken  practically  to  be  the 
same  as  a  motion  of  projection  for  very  high  velocities,  such  being 
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also  a  motion  in  degree  equivalent  to  fracture,  or  release  of  instant 
near  cohesion,  that  the  general  principles  o^  fracture  may  in  a  certain 
snrjall  degree  hold ;  and  that  as  far  as  the  fracture  is  concerned  the 
t»ody  will  be  free  from  alt  further  resistance,  and  its  velocity  relative 
*o  this  fracture  be  as  of  a  free  body.  But  if  we  imagine  partial 
•racture  to  occur  at  very  high  speeds  by  lineal  displacement,  the 
projectile  body  will  be  only  more  free  for  extreme  velocities,  as  it 
^vill  encounter  less  relative  resistance  by  the  amount  of  partial 
*i"acture  of  the  cohesion  of  the  liquid,  than  will  occur  in  moderate 
■Velocities  in  which  very  extensive  whirls  are  developed  by  the  con- 
tinuity of  contact  of  cohesion  in  the  system. 

g.  If  we  admit  the  partial  conditions  of  fracture,  or  the  possibility 
*^f"  this  as  equivalent  to  a  restricted  case  of  gliding,  then  whirls 
engendered  by  a  motive  surface  acting  upon  the  resistance  of  a  fluid 
tiay,  from  insufficiency  of  time,  be  imperfectly  developed  in  the  dis- 
tance or  in  such  a  manner  only  that  their  curves  would  be  cramped, 
and  return  by  a  small  radius  to  the  surface  of  the  moving  body. 
Then  in  the  near  distance  the  fractured  parts  of  the  fluid  system 
may  be  assumed  to  be  separated  from  the  fluid  mass,  and  the 
velocity  of  the  moving  body  suffer  less  restraint  proportionally  to 
the  amount  of  fracture  produced,  which  will  be  really  in  this  case 
less  inversely  as  the  radius  of  development  of  friction  whirls. 

k.  Assuming  as  a  separate  condition  the  movement  of  a  solid 
in  a  fluid  to  engender  forms  of  motion  in  the  fluid  that  are  the 
least  frictional,  at  the  velocity  at  which  the  solid  moves,  and  that 
induced  motions  always  have  a  tendency  to  continue,  so  that 
long  surfaces  will  offer  less  proportional  resistance  than  short  ones 
per  area;  then  upon  purely  theoretical  grounds,  to  recapitulate  the 
ivhole  matter  considered,  the  value  of  side  resistances  might  be 
estimated  as  follows: — 

Firstly,  if  the  motions  be  slow,  whirls  of  small  amplitude  would 
be  engendered,  causing  small  displacement  of  the  parts  of  the  fluid 
upon  themselves,  or  if  very  slow,  such  ample  time  for  accommodation 
would  be  given,  that  the  solid  might  be  conceived  to  roll  forward 
upOR  very  small  masses,  or  even  upon  molecules  only. 

Secondly,  in  motions  strictly  within  the  velocity  of  the  continuity 
of  Ae  power  of  adhesion  and  cohesion  of  the  fluid,  whirls  would  be 
o^endered  of  extensive  proportions,  the  evidence  of  their  existence 
bdi^  visible  at  the  liquid  surface  by  the  projection  of  ridges,  or 
waves  formed  laterally  upon  the  surface;  which  ridges  by  reaction 
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100.  Proposition:  Tltat  the  system  of  whirls  established  about  a 
solid  moving  ill  a  _fiuid  are  projectile  forces  which  can  only  be  brought 
to  thi  equilibrium  of  rest  by  equal  resistances. 

a.  It  was  shown  in  34  prop,  li,  that  the  contiguous  liquid  forms  a 
pirtof  a  projectile  force  with  any  solid  moving  within  it  by  adhesion; 
is  demonstrated  by  the  stoppage  of  a  boat  in  Mr.  J.  Scott  Russell's 
experiment  before  alluded  to.  If  we  assume  in  this  case  of  a  pro- 
jectile boat,  that  whirls  are  engendered  in  the  surrounding  liquid  by 
ihat  portion  of  the  liquid  which  is  carried  forward  by  adhesion 
totheboat,  these  whirls  will  then,  by  the  uniformity  of  the  surround- 
ing resistances,  finally  assume  set  forms  which  will  be  those  that  arc 
the  least  frictional  in  movement,  and  these  forms  will  therefore 
remain  persistent.  Now  by  the  continuity  of  such  motions  in  which 
'he  uniformity  of  resistances  assume  a  sort  of  motive  quiescence,  the 
whirl  forms  could  not  be  observed.  But  if  they  are  really  projectile 
'onns  as  here  assumed  they  could  be  made  evident  by  offering 
greater  resistance  at  some  part  of  the  induced  whirl  system.  This 
P'^'iciple  I  have  endeavoured    to  investigate  experimentally  as 

follows;— 

*  Using  the  trough  before  described  which  measured  20  feet 
'""ff.  1 1  inches  wide,  and  of  the  same  depth ;  and  a  log  boat  made  of 
^  piece  of  solid  wood  1 8  inches  long,  4  inches  wide,  and  of  about  the 
^nie  depth.  The  trough  was  placed  in  a  level  position  with  about 
"•ches  of  water  in  it  I  drew  the  boat  along  the  trough  by  a  piece 
^  ^ring,  at  walking  pace,  for  ten  feet  or  so,  and  then  caused  it  sud- 
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^'^Uy  to  stop,  by  means  of  a  bar  placed  across  the  trough  above  the 
***«  line,  with  which  the  head  of  the  boat  came  in  contact  In 
™>  experiment  the  side  whirls  continuing  their  induced  momentum. 
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derived  from  the  projection  of  the  boat,  were  thrown  off*by  the 
sudden  concussion,  and  projected  forward  with  some  velocity.  This 
projection  of  whirls  appeared  very  evident  by  careful  observation, 
as  the  whirls  formed  when  thrown  off  formed  two  distinct  whirl- 
pools, at  a  distance  of  about  fifteen  inches  in  front  of  the  stoppage ; 
where  previously  to  the  stopping  of  the  boat  the  water  was  quite 
smooth  and  undisturbed. 

c.  The  adhesive  system  of  water  upon  the  boat  appeared  to  unroll 
and  reverse  the  whirl  direction  as  it  existed  upon  the  side  of  the  boat 
when  in  projection.  This  reversal  may  be  made  quite  apparent  in 
some  cases  by  observation  of  the  surface  motions  which  in  this  case 
somewhat  resemble  the  following  whirls,  before  described,  in  their 
natural  forms  for  the  near  part;  but  the  forward  projection  en- 
countering more  resistance  the  projected  whirls  are  afterwards 
thrown  together,  bifurcate  and  form  outward  and  inward  revolving 
whirlpools ;  the  general  directions  of  which  are  shown  in  the  dia- 
gram, Fig.  148,  on  the  last  page. 

d.  The  volume  of  the  whirls  about  a  vessel  will  be  proportional, 
other  conditions  being  equal,  to  the  means  of  supply  of  water  to 
them  if  this  supply  be  effected  by  some  less  frictional  mode  of  mo- 
tion in  the  water  than  would  be  occasioned  by  a  loss  of  amplitude 
by  cramping  the  area  of  the  whirls.  In  the  case  given  98  prop.  /, 
the  whirls  are  cramped  by  want  of  facility  of  supply,  and  the  motion 
of  the  boat  is  proportionally  resisted. 

e.  The  mass  of  water  in  an  entire  whirl  system  moving  about  a 
boat  at  a  given  velocity  might  possibly  be  approximately  mea- 
sured by  the  momentum  it  gives  to  the  boat  above  its  mass  into  the 
resistance  offered  by  the  inertia  of  the  mass  of  water  it  encounters 
when  the  boat  is  stopped  by  any  means.  This  would  possibly  be 
as  the  volume  of  Mr.  J.  Scott  Russell's  wave  of  translation,  described 
34  prop,  d,  plus,  the  adhesion  of  the  water  to  the  sides  of  the  boat. 
The  same  might  be  ascertained  possibly  by  a  boat  moving  forward 
at  a  given  rate,  urged  by  a  propelling  force,  the  motive  value  of 
which  is  known,  the  propelling  force  being  reversed,  until  the  vessel 
comes  to  rest  in  a  certain  distance ;  we  may  imagine  that  in  this 
distance,  the  directive  influence  of  whirl  force  about  it  will  be  neutral- 
ized. Let  the  vessel  move  from  rest  this  same  distance,  and  ascertain 
the  propelling  force  used  in  volumes  of  elastic  force  of  steam,  or 
otherwise,  then  the  difference  observed  will  be  from  the  momentum 
of  the  whirls;  the  resistances  of  the  inertia  of  the  water  overcome 
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being   approximately  the  same  in  both  cases,  as  an  equivalent 
motive  system  is  induced  in  reversing,  to  that  of  starting. 

101.  Proposition:  The  whirls  engendered  in  a  fluid  by  conic  pro- 
jection of  tiie  forward  and  side  parts  of  a  moving  solid  are  forces  set 
in  motion  by  the  forward  projection  of  the  adlieretit  fluid  which  are 
restored  with  equal  force  in  the  opposite  direction  in  other  surrounding 
parts  of  t/ie  fluid  or  upon  the  solid  to  bring  the  contiguous  fluid  system 
to  equilibrium  after  the  solid  has  passed. 

a.  The  principles  of  action  and  reaction  suggested  in  this  proposi- 
tion are  important  in  suggesting  the  best  form  of  a  vessel  to  diminish 
resistance  of  the  water  in  which  it  moves ;  and  for  the  consideration 
of  forces  exerted  upon  rudders  by  which  steering  direction  is  given 
to  the  vessel. 

b.  Applying  this  proposition  for  the  consideration  of  the  best 
forms  of  vessels,  the  circuit  of  projection  of  the  whirls  will  be  repre* 
sentable  by  force  lines,  which  originally  projected  by  the  vessel,  will 
by  their  circuitous  motion,  return  again  and  impress  like  forces, 
or  a  part  of  them,  in  an  opposite  direction  upon  a  backward  part  of 
the  vessel,  or  these  forces  may  be  thrown  in  collision  with  oppos- 
ing 'whirls  behind  the  vessel,  and  exert  no  compensating  forward 
directing  force  upon  it  to  that  used  in  their  projection.  It  would 
appear  for  instance,  that  if  the  circuit  of  the  side  whirls  projected  by 
the  head  of  a  vessel  had  such  directive  force  given  to  them  that  they 
could  complete  a  circle  nearly,  so  as  to  impress  reflex  whirl  force 
directly  upon  the  stern  surface;  these  whirls  might  then  upon  return 
contact  have  motive  direction  capable  of  urging  the  vessel  forward. 
It  would  also  appear  from  this  mode  of  motion  that  there  is  a  pos- 
sible angle  or  curve  for  the  stern  of  a  vessel  in  which  such  whirls 
would  meet  the  surface  most  directly  to  the  forward  motion  of  the 
vessel.  On  the  other  hand,  if  the  whirl  is  cramped  or  overflows 
the  vessel,  and  does  not  meet  the  surface  in  a  direction  capable  of 
propelling  the  vessel,  it  may  then  otherwise  cause  a  dragging 
action  by  a  general  traction  upon  the  water  behind,  which  forms  a 
part  of  the  unit  projection. 

c.  We  may  have  inference  when  the  right  form  of  a  vessel  is  at- 
tained when  the  whirls  formed  at  the  sides  of  a  vessel  have  freedom 
to  exert  their  forces  on  the  lateral  parts  by  reflex  action,  as  the  liquid 
surface  will  then  be  little  disturbed  from  its  level  plane.  The  force 
of  propulsion  of  the  vessel  being  wholly  used  in  the  projection  of  the 
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whirls  that  are  necessary  for  the  displacement  of  the  bulk  of  the  ves- 
sel to  ensure  rolling  contact 

d.  There  is  another  point  that  I  think  very  important,  namely, 
the  principle  upon  which  the  back  whirls  by  reflex  action  act  upon 
the  rudder  of  a  vessel.  I  definitely  assert  in  this  particular  case 
that  the  back  whirls  acty  because  their  action  may  be  very  clearly 
observed  in  the  surface  motions  at  the  stern  of  any  moving  vessel ; 
especially  in  cases  where,  in  the  construction  of  a  vessel,  the  lines  have 
been  well  considered  with  regard  to  velocity.  These  stem  whirls, 
when  the  vessel  is  going  at  full  speed,  appear  as  large  discs^  before 
described,  which  follow  close  behind  the  vessel  near  the  position 
where  they  are  thrown  off  after  a  complete  revolution  in  a  constant 
whirling  motion,  induced  by  the  lateral  surface;  the  evidence  of 
which  is  clearly  observable  in  the  track  of  the  vessel  long  after  it 
has  passed,  not  only  by  the  absolute  circular  surface  motion  engen- 
dered, but  by  the  relatively  less  vertical  surface  motion  of  the  track, 
the  surface  waves  being  levelled  as  it  were  by  the  induced  hori- 
zontal motion  of  the  whirls  which  retain  their  whirling  motion  for  a 
long  period. 

c.  In  a  very  important  paper  by  Professor  O.  Reynolds  read 
before  the  British  Association  in  1875,  in  reports,  page  141,  "On 
the  Steering  of  Screw  Steamers,"  Professor  Reynolds  has  discovered 
the  effects  of  the  rudder,  in  cases  of  stopping  or  reversing  the 
engines,  by  direct  experiments  with  models,  which  experiments  are 
of  the  greatest  possible  practical  value.  In  the  cases  offered  by 
Professor  Reynolds  I  am  not  aware  of  any  cause  being  attributed 
to  the  effects  observed,  or  whether  these  cases  rest  in  the  terra 
incognita  of  fluid  motions  generally.  But  it  appears  to  me  that 
they  can  very  well  be  fully  explained  by  the  principles  of  whirl 
motions  which  in  this  particular  case  may  be  made  visibly  evident 
by  careful  observation  of  outward  forms  only,  without  reference  to 
any  theoretical  consideration.  I  may  first  state  the  important 
practical  conclusion  drawn  by  Prof  Reynolds,  which  he  states  in 
the  three  following  laws: — 

'*  I.  That  when  the  steamer  is  going  ahead  she  will  turn  as  if  she 
were  going  ahead  whether  she  has  steerage  way  or  not. 

2.  That  when  the  screw  is  reversed  the  rudder  will  act  as  if  the 
vessel  were  going  astern  although  she  may  be  moving  ahead. 

3.  That  the  more  rapidly  the  boat  is  moving  in  the  opposite 
direction  to  that  in  which  the  screw  is  acting  to  drive  it,  the  more 
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nearly  will  the  two  effects  on  the  rudder  neutralize  each  other,  and 
the  less  powerful  will  be  its  action.  It  would  be  reasonable  to 
suppose  that  a  boat  may  move  fast  enough  to  overcome  the  effect 
of  the  reversal  of  the  screw ;  but  this  was  not  the  case  with  the 
models." 

/  Taking  these  facts  to  be  explained  by  principles  shown  in  the 
action  of  stern  whirls  upon  a  vessel,  we  find  that  in  the  first 
place,  when  a  vessel  is  moving  straight  ahead  the  stem  whirls 
are  compact  complete  systems  of  motion,  entirely  motive  in  one 
direction  about  their  centres,  one  large  whirl  being  located  near  each 
side  of  the  stern  of  the  vessel.  Therefore  to  move  such  a  whirl 
it  would  require  a  force  sufficient  for  its  complete  displacement  that 
would  displace  an  equal  volume  of  the  water.  Further,  by  the 
induced  rotary  motion  of  the  whirl  if  it  were  in  any  way  pressed 
as  by  the  flat  side  of  the  rudder,  it  would  be  constantly  rotating 
upon  the  plane  of  pressure,  and  would  act  upon  the  surface  of  the 
rudder  as  an  elastic  body  when  compressed;  the  rotational  force 
by  tangential  action  producing  the  effect  of  elasticity.  Therefore  in 
the  direct  motion  of  the  vessel  the  rudder  when  moved  towards  one 
side  would  be  pressed  by  one  stern  whirl,  and  would  by  this  pres- 
sure move  the  stem  of  the  vessel  by  its  local  force  and  elasticity,  to- 
the  opposite  side  where  the  whirl  system  by  the  direction  of  the 
rudder  would  be  less  active  as  a  pressure. 

g.  Now  if  the  vessel  be  stopped  the  whirls  will  be  thrown  forward 
and  reversed.    This  stopping  could  not  occur  directly  upon  a  vessel 


except  in  case  of  collision,  but  if  the  screw  were  reversed  the  flow  of 
water  in  the  tractional  system  of  the  whirl  would  project  it  towards 
the  head  of  the  vessel,  and  by  this  action  the  whirl  would  be  thrown 
so  far  forward  that  it  would  not  possibly  be  any  longer  active  upon 
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the  rudder.     The  general  principles  of  these  actions  upon  a  rudder 
may  be  shown  in  the  diagrams. 

k.  Fig.  149.  Represents  the  vessel  going  at  an  equable  rate,  the 
rudder  being  turned  perpendicular  to  the  direct  impulse  of  the 
whirl  as  shown  on  the  lower  side  of  the  diagram  at  B,  the  directive 
force  of  this  whirl  will  therefore  press  the  vessel  over.  In  this  case 
the  whirl  represented  at  the  lower  part  of  the  figure  may  be  con- 
ceived to  be  completely  displaced  by  its  pressure  upon  the  rudder. 
The  freedom  given  to  tlie  whirl  shown  at  A,  in  the  upper  part  of 
the  diagram,  permits  it  to  pass  further  astern.  This  whirl  A  may 
be  thrown  at  such  a  distance  astern  that  it  may  by  its  reflex  curva- 
ture even  assist  the  whirl  B  by  its  direct  momentum  in  pressing  the 
stern  of  the  vessel  over. 


rig.  lso,-E>.-Non 


in  of  LalenI  Whirls  od  the  Rudder  when  ji  Ves 


(.  Fig.  150.  Represents  the  vessel  when  stopped,  in  which  case  the 
whirls  are  thrown  forward.  The  same  effect  would  be  produced  by 
the  screw  of  a  steamer  being  reversed;  the  whirls  being  now 
entirely  inactive  as  a  pressure  upon  the  rudder. 


/  Fig.  151.  Represents  the  case  in  which  a  sudden  impulse  is  given 
to  the  vessel,  the  whirls  are  thrown  backwards  and  miss  direct 
impulse  upon  the  rudder  and  the  stern,  of  the  vessel,  the  line  of  forces 
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still  being  directed  towards  the  rudder,  which  would  not  receive 
much  impulse  from  them.  This  is  possibly  an  imaginary  case,  as 
such  a  high  velocity  as  required  cannot  be  attained ;  it  is  given  in 
order  to  complete  tlie  system. 

k.  It  is  generally  conceived,  upon  perfectly  logical  grounds,  that 
upon  gliding  principles  of  fluid  motion,  the  rudder  simply  directs 
the  lateral  stream  lines  from  which  it  receives  its  impulse.  If  the 
rudder  of  a  vessel  were  active  in  this  manner,  its  proper  place 
would  be  at  the  head  of  the  vessel  and  not  at  the  stern ;  but  if  the 
force  on  the  rudder  be  derived  from  the  pressure  of  the  stem  whirls, 
there  will  then  be  one  general  law,  namely, — that  the  momentum 
of  the  moving  liquid  upon  the  rudder  will  depend  entirely  upon  the 
direction  and  momentum  of  these  whirls  upon  contact,  such  whirl 
direction  being  engendered  from  any  cause. 

Helical  whirl  deflections. 

102.  Proposition  :  That  a  floating  solid  moving  horizontally  in  a 
liquid  will  deflect  its  friction  whirls  upwards  in  surface  motions  and 
produce  waves.  Such  whirl  motions  by  after  deflections  will  become 
lulicaL 

a,  Xn  the  several  propositions  in  this  chapter  I  have  taken 
into  consideration  special  directions  of  whirl  motions  about  a  pro- 
jectile solid  floating  in  a  liquid,  as  being  projected  in  a  plane.  1 
have  followed  the  matter  in  this  manner  because  demonstration  was 
much  more  easy*  for  a  special  case  than  for  general  complex 
principles;  nevertheless,  we  must  assume  that  from  the  nearly  equal 
densities  of  water,  for  instance  in  every  direction  upwards,  down- 
wards, and  laterally,  that  the  resistances  in  all  directions  from  the 
inertia  of  the  fluid  will  not  be  materially  different,  and  the  same 
will  hold  for  every  divergence  from  the  point  of  projection ;  there- 
fore the  whirl-generating  force  will  be  approximately  equal  through- 
out a  circular  area  opposed  to  the  projection  in  the  liquid.  This 
principle  was  fully  discussed  under  conditions  of  fluid  projection 
f:^  prop.,  wherein  it  was  shown  that  a  whirl  cut  by  a  liquid  sur- 
face would  continue  its  perfect  form  beneath  the  surface  until 
it  was  deflected  upwards  by  the  minus  resistance  of  the  aerial 
surface. 

b.  Although  by  the  above  conditions,  the  resistance  to  a  floating 
solid,  by  the  inertia  of  the  resisting  liquid,  will  be  equal  in  all 
directions  within  the  liquid,  the  mobility  of  the  system  will  be 
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very  unequal,  as  the  aerial  surface  will  receive  very  little  relative 
support  by  contiguous  adhesion  of  heavy  mass,  compared  to  the 
deeper  parts,  and  any  form  of  induced  motion  once  deflected  to  the 
surface  or  areas  of  less  resistance  will  continue  in  this  path  of 
deflection ;  so  that  any  open  space  that  is  necessary  in  the  liquid  for 
motions  of  accommodation  for  the  friction  whirls  to  be  produced, 
must  necessarily  continue  the  projections  into  such  space.  In  the 
projection  of  a  floating  solid  body  in  a  liquid  that  is  adhesive  to 
the  solid  we  may  assume  as  before  that  every  point  of  adhesion 
will  be  resisted  by  a  conic  mass  of  the  liquid  at  a  certain  angle  for- 
ward of  its  direction  of  motion  up  to  90  degrees  58  prop.  Now  if  we 
take  one  angle  of  resistance  only,  say  that  of  45  degrees,  and  assume 
the  rigidity  of  the  liquid  such  that  it  will  resist  the  impulses  of  a 
flowing  liquid  at  say  one  yard  distance,  then  at  every  distance  of 
one  yard  from  the  submerged  part  of  the  moving  solid,  at  an 
angle  included  within  45  degrees  of  the  forward  direction  of  motion, 
there  would  exist  an  area  of  compression  in  the  liquid. 


Fig.  iji.— Diagram  of  Adhc 


Let  the  equal  lines  surrounding  the  solid  represented  as  in  the 
model  boat  in  the  diagram.  Fig.  152,  be  of  one  yard  in  length,  then 
the  conic  resistance  of  the  boat  may  be  assumed  to  press  back  the 
liquid  to  this  line,  so  that  there  will  be  an  area  of  compression 
represented  by  the  dotted  line  surrounding  the  boat  in  its  hori- 
zontal plane  at  one  yard  distance,  the  resistances  being  assumed 
all  equal,  the  surface  water  would  be  pressed  back  and  elevated  by 
the  compression  at  this  distance. 

c.  If  we  now  take  the  vertical  conditions  of  resistance  by  the 
pressures  engendered  in  the  motion  of  the  boat,  on  the  same 
principles  as  just  discussed,  then  by  the  same  arguments  it  will 
follow  that  at  a  certain  line  below  the  water  as  represented  by 
BB',  Fig.  153,  it  may  be  assumed  that  all  resistances  will  equally 
take  direction  of  45  degrees  as  one  angle  of  resistance. 
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Let  AA'  represent  the  surface  of  the  water,  B  B'  a  line  below  the 
sur^e,  and  C  C  a  line  at  sn  equal  distance  deeper  in  the  water. 
Now  taking  the  same  angle  of  45  degrees  as  before,  about  this  line 


*«1  the  same  lengths  of  radii ;  the  pressing  force  from  adhesion  to 
tlie  plane  BB'  may  be  assumed  to  be  upwards  and  downwards.  In 
this  case  as  all  the  points  of  pressure  to  the  surface  line  A  A'  would 
luve  no  other  resistance  than  from  the  air  above,  and  all  the  points 
of  resistance  at  the  line  C  C  would  have  the  resistance  of  the 
water  supported  by  continuity  of  lines  to  the  land  surface  upon 
which  the  water  rests,  the  axis  of  the  lineal  series  of  pressures  repre- 
sented by  the  plane  B  B',  by  the  minus  resistance  at  the  aerial  sur- 
face, would  then  cause  this  plane  to  be  deflected  upwards  to  And 
equilibrium  at  some  distance  outwards  from  the  adhesive  surface  of 
Mntact  upon  the  boat ;  so  that  the  deflection  of  the  water  caused  by 
'"c  projectile  force  of  the  boat,  would  thrust  this  plane  of  direc- 
tion outwards,  and  throw  it  upwards  towards  the  point  A'  in  the 
•J'agram. 

"■  If  we  now  return  to  the  diagram,  Fig.  152,  upon  the  plane,  we 
™''  that  the  pressures  at  a  da'  become  pressures  outwards  and 
"PWards  by  deflection  of  consecutive  pressures  that  the  boat  meets, 
•w  pressures  at  bb'  are  pressed  upwards  but  more  ouhvards  by 
"ifsame  forms  of  motion.  Now  in  the  above  diagram  the  flowing 
™'ce  of  the  water  meeting  the  projection  about  A  will  encounter 
■*  lineal  resistances  of  the  forward  parts  of  the  water,  and  there 
''H  bein  this  meeting  part  a  hydrostatic  pressure;  the  constancy 
«  ^ch  will  further  press  the  elevated  water  to  the  most  free  part 
"Bie  surface,  which  will  be  again  outwards  from  the  boat  By 
ob  cause  a  wave  will  be  formed  near  the  head  of  the  boat  directed 
iMviRls  from  it 

A  If  we  now  consider  the  constancy  of  resistance  by  the  opposing 
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force  of  the  liquid  to  the  projection  of  the  solid,  on  every  point  of 
the  direct  line  we  have  taken  to  represent  axes  of  cones  of  resist- 
ance, we  shall  find  this  line  will  be  deflected  to  whirl  forms;  for 
instance,  the  lines  of  conic  resistance  directed  to  A'  in  the  pre- 
vious diagram,  Fig.  153,  will  decrease  in  force  outwards  and  will 
by  this  means  be  curved  over  at  this  weak  point  by  the  action  of  the 
flowing  force  upon  it ;  there  will  therefore  be  a.  deflection,  to  the  fomi 
shown  below,  in  front  of  the  boat,  and  this  deflection  may  even  curl 


Forwird  Projeetae  W 


over  at  the  highest  point  Now,  as  the  upward  direction  of  motion 
will  be  by  the  hydrostatic  pressures  also  outwards,  by  the  constancy 
of  resistance  of  radial  forces,  these  forces  will  project  the  water  by 
continuity  of  the  resistance  from  the  front,  directly  backwards  and 
outwards,  producing  surface  waves  which  will  be  by  composition  of 
these  motions  helical  ^\  the  exposed  edge,  as  shown  complete  in  the 
sketch  diagram.  Fig.  155,  below. 


Ex.— Hdicol  DcAMtloa, 


/  In  this  manner  a  complete  fulical  lyilinder  will  flow  outwards 
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the  bows  of  the  vessel,  and  this  will  induce  other  following 
>^parate  rotary  systems,  so  that  one  outward  flowing  wave  will 
^^nerate  another  upon  principles  to  be  discussed  further  on.  These 
radical  motions  will  generally  compound  with  the  system  of  whirls 
discussed  in  previous  propositions,  so  that  the  whirls  themselves 
i^'ill  be  in  most  cases  in  a  certain  degree  compounded  of  helical 
forms  of  projections. 

103.  Remarks. 

I  regret  that  my  opportunities  have  not  permitted  me  to  follow 
tliis  matter  of  free  solids   in  infinite  fluids  to  a  further  extent, 
especially  as  the  subject  appears  to  me  to  be  full  of  useful  results. 
I   intended  to  take  a  voyage  for  observation  of  free  liquid  motions, 
but  my  bodily  constitution  is  such  that  my  mental  energies  are 
quite  suspended  on  the  liquid  clement,  so  that  these  investigations 
of  practical  results  I  must  leave  to  others.     I  hope,  however,  that  I 
have  adduced  sufficient  principles  by  following  previous  proposi- 
tions, to  open  a  way  which  will  show  that  the  methods  and  formulae 
.  generally  devised  for  the  resistance  of  solids  by  fluids,  by  some 
form  of  slipping  motion  of  the  surface  water  in  contact,  is  probably 
erroneous.     If  the  measurable  adhesion  of  water  were  really  to  be 
entirely  overcome,  the  value  of  which  adhesion  is  shown  in  Mr.  J. 
Scott  Russell's  experiment  95  article  d,  it  appears  to  me,  that 
3^vailable  mechanical  forces  would  be  insufficient  to  move  a  floating 
vessel,  at  any  rate,  by  such  forces  as  could  possibly  be  contained 
^'^thin  the  bulk  of  the  vessel.     But  in  a  liquid  system  it  is  quite 
clear  that  principles  of  accommodation  may  occur,  that  may  permit 
rolling  contact  of  a  not  very  frictional  nature  which  will  avoid  the 
^*icessity  of  assuming  slipping  motions  in  any  form. 


CHAPTER    IX. 


Diffusion  of  Flowing  Forces  in  Fluids.  Terminal  Pro- 
jections. Resistance  to  Projection  in  Fluids  during 
DiFFUSiONAL  Motions. 


Diffusion  by  interference. 

104.  Diffusion  of  fluids  in  like  fluids — general  prittciples. 

a.  The  principles  discussed  in  the  fourth  and  seventh  chapters,  with 
the  experimental  evidence  given,  assure  us  that  a  flowing  fluid 
will  dissipate  its  energy  upon  lateral  resistances,  maintaining  the 
central  axis  of  projection  at  the  highest  velocity.  We  further  have 
evidence  that  by  the  necessity  of  rolling  contact,  if  we  accept  the 
principles  offered  in  previous  propositions,  there  will  be  division  or 
intermittent  action,  deflecting  the  direct  energy  of  the  flowing  cur- 
rent at  its  planes  of  contact,  either  with  solids  or  with  relatively 
quiescent  parts  of  the  fluid,  into  whirls  or  looped  systems.  These 
deflected  parts  have  been  shown  to  produce  a  retrograde  motion 
in  the  lateral  parts  lineal  of  the  current,  and  such  retrograde  motion 
we  may  imagine,  reacting  in  like  manner  to  ensure  rolling  con- 
tact, would  produce  again  a  retrograde  action  in  lateral  parts  to 
its  new  direction  which  would  tend  to  restore  the  current  to  its 
former  direction.  So  that  there  is  a  possibility  of  deflection  and  re- 
deflection  by  which  currents  may  be  flowing  in  contact  in  opposite 
directions  in  lineal  sections,  their  motive  forces  being  nevertheless 
derived  from  one  direct  projection.  We  have  further  evidence  that 
by  lateral  resistances,  whirl  systems  will  be  developed  to  the  greatest 
extent  in  the  most  free  areas.  Where  such  areas  are  large  the 
circumferential  parts  of  the  whirls  may  be  practically  considered  as 
direct  flowing  forces,  and  thus  meet  all  the  active  conditions  of 
direct  currents,  and  as  such,  divide  by  tangential  contact  into 
separate  whirl  systems,  thereby  ensuring  continuity  of  rolling  con- 
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tact  So  that  lateral  resistances  in  open  areas  become  sources  of 
separation  or  of  diffusion  of  direct  flowing  forces. 

b.  Upon  the  above  conditions  also,  direct  head  resistances  will 
cause  bifurcation  of  central  forces  in  every  radial  plane  from  the 
axis  of  the  current,  and  the  deflected  parts  will  again  bifurcate  in 
proportion  as  they  may  again  act  as  direct  forces. 

r.  If  direct  projection  of  a  fluid  be  made  within  a  like  perfectly 
quiescent  homogeneous  fluid,  the  whirl  system  induced  remains 
very  complete,  but  if  there  be  interference  or  other  direction  of 
motion  in  parts  of  the  fluid,  the  result  is  generally  a  diffusion  of 
forces  in  which  the  projectile  fluid  is  split  up  into  many  whirl 
systems.     These  general  conditions  I  will  now  separately  consider. 

Lateral  DifTusion  of  Whirl  Systems. 

106.  Proposition:  Every  part  of  a  fluid  in  rotation  will  liave  a 
tendeficy  to  throw  off  its  circumferetttial  parts  into  tlie  open  sur- 
rounding fluid;  these  rotary  parts  being  withheld  by  t/ie  co/usion  of 
the  motive  system  only.  Thus  a  whirl  in  an  open  fluid  will  separate 
at  its  circumference^  and  engender  like^  although  smaller^  whirls  by 
parts  thrown  off  tangentially.  Tliese  deflected  parts  will  afterwards 
move  in  the  reverse  direction  to  tlie  original  whirl  by  rolling  contact 
upon  tlie  surrounding  fluids  and  the  reversed  parts  may  again  divide 
by  like  tangential  action,  constantly y  until  the  floiving  force  is  entirely 
diffused. 

a.  The  most  perfect  self-contained  whirl  system  will  be  that  pro- 
jected by  a  single  impulse,  in  which  case,  a  projectile  whirl-ring  will 
be  formed,  the  involution  of  which  will  maintain  the  circumferential 
parts  very  compactly  i^j  prop,  rf,  page  197).  It  is  nevertheless 
evident  that  the  exterior  circumference  of  such  a  system,  except 
in  so  far  as  the  cohesion  of  the  fluid  withholds  its  matter,  must 
encounter  conic  resistance  in  every  free  space  of  the  same  kind  as 
that  shown  in  many  cases,  as  in  instances  given  in  82  prop,  d,  page 
231.  So  that  if  we  do  not  imagine  the  cohesion  of  the  fluid  projec- 
tile system  to  be  very  great,  the  circumference  of  a  rotary  whirl  of 
such  a  system  will  be  constantly  disintegrated  into  smaller  whirls, 
that  will  be  split  off*,  as  it  were,  from  the  circumferences  of  the  larger 
ones  in  all  more  free  or  less  resistant  spaces;  forming  thereby 
surrounding  circulatory  systems;  and  these  whirls  will  again  be  split 
into  smaller  still,  if  the  resisting  fluid  space  be  open.  This  will 
also  be  the  necessary  form  of  motion  to  ensure  universal  rolling 
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c  surrounding  fluid  by  principles  of  whirl  or  biwti-s^' 
"his  principle  was  discussed  as  being  evident  in  t\^^^ 
contact  whiris  82  prop,  c  Tor  irregular  spaces,  and  f^ ^ 
/cly  at  the  edges  of  the  section  of  a  conoid  84  prop./^-^ 
also  for  the  condition  of  jets  and  currents  in  the  lastS^ 

pproximate   conditions   to   the   above    I    have   often 
he  rising  tide  of  the  Thames,  in  the  inflowing  water 
igh  the  arches  of  London  Bridge,  where  the  current 
Dy  the  piers  of  the  bridge,  which  cause  it  to  issue  with 
projectile  force   tangentiaijy  to  the  quiescent  water 
iers,  upon  the  side  of  the  bridge  that  is  protected  by 
-om  the  force  of  the  direct  stream.     Here  the  current 
the  quiescent  lateral  waters,  engenders  a  complete 
indreds  of  little  whirlpools   and   still   smaller   whirl 
di   are  each  the  centre  of  a  complete  whirl   whose     . 
extends  in  depth  to  the  bottom  of  the  stream  as  a  cut     1 
1  prop.,  page  224).    This  complex  whirl  system  spreads    ' 
:d  yards  or  so  beyond  the  piers,  each  whir!  forming 
■  depression  upon  the  water  surface,  the  general  super- 
nce  of  which  I  endeavoured  to  delineate  on  the  spot 
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Continuity  of  tangential  rotary  action  upon  the  quiescent  waters 
■where  the  tangential  force  is  insufficient  to  form  tvkirl  dimples  or 
"Whirl  discs,  shown  in  the  evidence  of  a  general  horizontal  rotary 
motion,  whose  visible  effect  is  to  make  the  rippled  surface  of  the 
water  more  calm  for  several  hundred  yards  down  the  stream. 

d.  In  flat  wide  coast  lines  of  shallow  water,  at  the  entrances  of 
rivers  into  the  sea,  the  vertical  surface  motions  in  whirls  cause 
waves  or  ripples  present  gradually  to  disappear,  and  there  is  left 
generally  a  system  of  horizontal  bifurcation  and  general  horizontal 
rotation,  visible  by  the  presence  of  whirl  discs,  caused  by  the  tan- 
gential action  of  the  current. 

t.  The  results  of  this  horizontal  diffusion  of  flowing  force  being  in 
this  case,  as  in  all  other  observable  like  cases,  that  the  surface  of  the 
water  is  calmed  by  the  horizontal  action  of  the  whirls,  so  that 
the  wind  has  much  less  influence  to  cause  ripples  or  waves  upon 
the  surface  than  it  would  have  even  upon  still  water.  This  exactly 
resembles  the  conditions  before  pointed  out,  that  occur  after  the 
passing  of  a  steam-vessel  over  a  wavy  sea,  wherein  horizontal  whirl 
motions  are  necessarily  induced  which  subsequently  move  by  tan- 
gential division,  so  as  to  leave  a  broad  less  wavy  path  in  the  ocean 
visible  often  for  many  miles. 

Capital  Diffusion. 

106.  Proposition  :  That  a  projectile^  or  a  flowing  force  fonn- 
ing  the  head  of  a  current  before  the  continuity  of  projection  can 
rotate  a  large  volume  of  tlte  resistant  fluid  laterally,  will  divide  its 
direct  current  by  constant  bifurcation,  until  the  projectile  force  becomes 
in  equilibrium  with  the  forward  resistance. 

a.  The  conditions  proposed,  under  which  direct  flowing  fluids  will 
bifurcate  or  become  deflected  by  head  or  conic  resistances,  so  that 
the  deflected  force  can  react  after  separation  tangentially  upon  the 
surrounding  fluid  as  a  direct  projection,  and  in  like  manner  again 
divide  upon  forward  resistance,  is  a  process  by  which  there  appears 
to  be  brought  about  a  constant  diffusion  of  projectile  forces  in 
separate  units  of  fluids  acting  upon  themselves ;  this  form  of  motion 
being  special  to  fluid  matter.  The  same  motive  principles  will  also 
ofl<er  the  smallest  conceivable  friction  to  the  first  impulse  of  direct 
progection  in  extensive  areas  of  resistant  fluid  matter.  It  is  there- 
fort  possibly  the  manner  in  which  diffusion  of  forces  in  fluids  is  at 
fint  mostly  brought  about,  whether  for  such  lanie  masses  as  I  have 
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prop,  d,  page  129  or  for  tlie  smallest  visible  parts 
r  the  ultimate  division  in  molecular  systems  before 
i  are  induced   by   projections  through  the  resisting 

bservcd  by  evidence  of  experiment,  that  the  biwhirl 
wing  force  would   permit  continuity  of  motion  in  a 
L'  constant  force  was  so  small  as  to  be  imperceptible. 
a  weak  ammoniacal  solution  of  carmine,  the  specific 
ch  did  not  exceed  that  of  water  at  the  same  tempcra- 
j(,  part  of  its  volume.     This,  when  placed  gently  upon 
ur,  entirely  floated  at  first,  but  gradually  small  pro- 
es  were  projected  by  solution.     These  nipples  possess- 
ry  small  plus  momentum,  due  to  excess  of  gravita- 
irojcction  into  the  liquid  system,  formed  immediately 
■tems,  and  these  again  otliers,  by  constant  action  of 
111   they  reached  the  bottom  of  the  vessel  or  floated 
1  midway, 
rrounding  resistances  in  a  fluid  are  constantly  equal 

0  separate  maintaining  force  as  there  is  in  the  case  of 
Jection.sjust  given,  to  exert  its  action  constantly  upon 
cction  from  the  central  current,  a  simple  whirl-ring  or 

1  will  be  the  only  result;  except  for  such  lateral  whirls 
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as  resistances  are  encountered  until  exhaustion  of  the  primitive 
impulse. 

e.  This  tendency  to  constant  bifurcation  may  be  very  well  shown 
by  an  experiment  of  the  projection  of  a  very  weak  current,  which 


we  may  follow  by  the  same  experimental  means  as  before  proposed, 
of  rendering  the  resistance  about  a  projection  relatively  greater  by 
near  adhesion  of  a  liquid  to  a  solid,  through  restriction  of  area,  in 
reducing  the  projection  to  a  thin  section  as  follows: — 

f.  Take  two  plates  of  perfectly  clean  glass,  say  of  about  six 
inches  square,  and  firmly  cement  a  border  of  card  of  about  iV  of  an 
inch  in  thickness  round  three  sides  of  one  of  the  plates  with  marine 
glue  Then  cement  the  second  plate  to  the  first.  By  this  means 
a  very  thin  waterproof  trough  will  be  formed,  open  at  the  top.  If 
we  now  fill  this  with  clean  water  and  place  it  upright  in  a  groove  in 
a  piece  of  stout  wood,  the  experimental  apparatus  will  be  complete. 
To  observe  the  desired  effects,  the  trough  should  be  placed  before 
a  window  to  transmit  light  through  it,  when  the  following  pheno- 
mena of  original  fluid  projection  may  be  observed  by  the  projected 
liquid  diffusing  itself  by  the  constant  force  of  gravitation  under  the 
resistance  of  the  near  surfaces  of  the  glass.  We  shall  need  for  the 
experiment  in  this  case  a  fluid  of  much  greater  specific  gravity  than 
the  carmine  just  mentioned,  as  the  projection  has  to  entirely  over- 
come the  friction  of  the  surfaces  of  the  glass.  I  have  found  ordi- 
nary black  writing  ink  answer  very  well. 

g.  Take  a  pen  full  of  ink  and  place  this  gently  upon  the  surface 
of  die  water  in  the  trough.    The  ink  as  it  descends  slowly  by 

n  will  be  found  to  divide  constantly  upon  the  conic  resist- 
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poses  its  direct  projection,  the  divided  parts  having    ^ 
rnicntum  of  projection  to  move  the  lateral  fluid  tan- 
in  cases  discussed   in  the  sixth  chapter,  to  produce 
extensive  biwhirls.    After  the  first  division,  the 
divided  parts  again  divide,  and  these  again,  so 
that  by  this  constant  division  and  subdivision, 
the  projected  fluid  takes  a  tree-like  form.    The 
annexed    iliustratioii.  Fig.    158,  was  taken  by 
transmitted  light  exactly  following  the  outlines 
of  the  projection  of  ink  in  the  thin  trough  de- 
.           scribed;  it  is  therefore  represented  of  the  ob- 
V        served  size. 

r]           k  If  we   take   the   evidence  of  the   abm-e 
\  A      experimental  demonstration  of  the  diffusion  of 
lAi      a  fluid  by  weak  constant  projection,  and  under 
Q_[^    equal   lateral   resistances  upon  the  conditions 
crui       rrjven,  to  rcprcscnt  a  natural  /aiv  of  difftision, 
we    should    then   reasonably   expect    to   find 
be  present  as  an  influencing  principle  in  the  diflTu- 
orces  in  nature.     Such,  for  instance,  as  we  find  pre- 
3n  of  liquids  in  the  animal  body,  and  the  v^etable 
rtain  conditions,  possibly  more  especially  in  the  early 
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would  be  the  least  frictional  for  a  constant  flow  through  them 
afterwards. 

/,  Further,  this  difTusional  experiment  shows  that  a  path  of 
bifurcation  is  not  necessarily  a  very  frictional  one  for  fluid  matter, 
as  it  is  shown  evidently  in  this  experiment  to  be  the  mode  of  pro- 
jection least  affected  by  the  resistance  of  a  uniform  surrounding 
fluid  to  the  direct  action  of  a  small  gravitative  impulse. 

j.  It  is  most  probable  that  if  the  fluid  systems  of  animal  life  were 
set  out  in  hom<^eneous  matter  by  principles  here  discussed,  under 
certain  conditions,  this  evidence  would  not  always  remain  under 
the  motive  changes  of  animal  life;  but  it  might  be  anticipated  to 
be  evident  in  such  parts  of  the  animal 
tissue  where  there  would  be  little  strain 
by  muscular  action.  In  following  ob- 
servations as  carefully  as  I  was  able,  I 
found  very  generally  some  evidence  of 
such  a  principle  often  or  generally  ap- 
parently differentiated  by  other  causes. 
Thus  as  an  instance,  Fig.  1 59  is  copied 
by  the  camera  lucida  upon  the  micro- 
scope from  the  injected  arteries  of  the 
bladder  of  the  shrew.  The  bladder,  al-  ^"'i-  iss-Anene-  on  ihc  niadjer 
though  muscular,  is  possibly  in  this  case 

not  under  great  or  unequal  strain  after  its  first  development.  I 
omit  in  this  illustration  the  finer  divisions  (capillaries)  which  con- 
tinue in  the  like  forms. 

k.  The  same  form  is  well  developed  in  hepatic  vems  which 
possibly  from  the  quiescent  general  state 
of  the  liver,  from  its  absence  of  muscles  is 
very  |little  strained  or  differentiated  by 
further  development  after  generative  forma- 
tion. One  complex  system  of  which  is 
shown  in  the  engraving,  Fig.  160.  The 
same  principle  is  also  beautifully  shown  in 
the  convoluted  layer  of  the  brain  of  which 
an  illustration  is  given  by  Dr.  W.  B.  Car- 
penter in  his  "  The  Microscope  and  its  Rcveia- 
tiotts,"  Plate  25,  Fig.  3. 

/  It  is  on  this  principle  we  may  possibly 
trace  llie  true  theory  of  the  formation  of  tumours  of  the 
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ich  often  attain  large  dimensions,  and  contain  a  perfect 
ystem  entirely  abnormal  to  the  natural  animal  form. 
inciples  may  also  influence  the  development  of  mam- 
Is.     It  is  also  possible  upon  this  principle  that  animals 
Lilk  by  the  plenitude  of  food  supplies,  by  continuity  of 
^lopment,  particularly  through  the  influence  of  inherit- 
^vcral  generations  of  similar  growths.     The  vascular 
;mall  mammal  as  that  of  a  mouse  being  but  little  finer. 
an  that  of  a  large  mammal  as  a  deer, 
bovc  theoretical  deductions,  it  must  be  strictly  observed 

production   of  forms   entailing  constant  bifurcation, 
c  a  constant  force  in  one  direction  in  the  system  such 
:,  or  as  the  iiifliietuc  of  gravitation,  or  there  must  be 
irate  cause,  an  inequality  of  density,  or  of  resistance  in 

fluid  or  surface;  for  if  the  projection  is  final  and  the 
fluid  perfectly  equal,  a  unit  projection  will  produce  a 
-ing  only. 

projection  of  weak  currents. 

osiTiON:  That  the  Hneal  central  area  of  a  current  by  its 
fy  will  maintain  its  projection  longer  than  any  lateral 

part.        Therefore  n  terminal  projection  ivill  produce  an 

■A 
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tee  last  proposition  g,  at  the  instant  of  time  before  the  bifurcation 
of  the  extreme  points  of  the  divided  currents.  I  have  produced  the 
same  effects  in  solutions  of  gelatine,  albumen,  and  other  homo- 
geneous resistant  fluids.  The  illustration  in  Fig  i6i,  A,  is  taken 
from  the  terminal  projections  in  the  same  ink  experiment  as  illus- 
trated in  Fig.  158. 

ef.  That  this  terminal  form  shown  at  A  in  the  an-  ^ 

nexed  figure  is  an  incipient  whirl-ring  system   may     *     " 
l>e    observed   by  further  continuity  of  projection   by 
the   action  of  gravitation  as  in  the  experiment  illus-  JL 

trated  by  Fig.   158.     In  this  case  the  terminal  whirl      "    V9 
t>y  further  projection  opens  out  to  flat  section  into  a 
t*i^vhirl  as  shown  in  Fig.  i6i  at  B,  and  by  further  con-  B 

'inuity  of  the  projection  in  the  current,  it  again  divides  ^  V^V 
"y  the  conic  resistance ;  the  separate  whirls  being  con- 
nected by  a  stirrup-like  neck  as  shown  at  C,  which  in 
Continuity  again  forms  incipient  bjwhirls  as  in  the  ter- 
•ninations  shown  at  D,  which  are  only  a  little  more  ad- 
vanced than  A.  If  the  projection  continue  by  gravita- 
*'on,  or  a  constant  pressure  in  one  direction,  this  sub-  "^  ^^^  "" 
division  is  constantly  developed  as  before  Fig.  158. 

e.  If  as  suggested  in  the  last  proposition,  nature  avails  herself  also 
of  this  form  of  terminal  fluid  projection,  such  a  form  possibly  will 
W  permanently  evident  in  the  animal  system.  This  appears  to 
me  to  be  in  a  certain  degree  the  fact,  although  by  the  complex 
principles  of  vitality  there  may  be  considerable  diflercntiation  in 
the  finally  fixed  forms,  in  such  cases  as  this  of  sensitive  equilibrium. 
It  would  possibly  be  therefore  less  evident  in  the  blood-vessels,  where 
in  terminal  projection  in  capillaries,  the  influence  of  the  granular 
condition,  as  it  were,  produced  in  the  blood  by  the  presence  of  cor- 
puscles, would  destroy  the  perfect  fluidity  of  the  current,  quite  inde- 
pendently of  the  evident  vital  motivity  of  these  corpuscles.  But  in 
nervous  matter  in  fine  nerves,  there  appears  to  be  much  greater 
homt^eneity,  and  I  find  in  the  termination  of  some  of  the  nerves 
the  form  here  proposed  of  final  fluid  projection  is  fairly  indicated, 
as  in  the  Pacinian  bodies  forming  the  nerve  endings  of  some  of  the 
^mphatics  and  some  other  cases.  The  same  principles  possibly  hold 
in  the  formation  of  the  Malpighian  bodies  in  the  kidneys;  after- 
wards much  diflferentiated.  However  this  matter  is  so  purely  hypo- 
theticsl  that  I  will  not  follow  it  further. 
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e  to  projection  of  solids  during  diffusional   mo- 
lds. 

OSITION:  T/ia/  afluidbroken  up  into  minute  rotary  sys- 
^ional  forces,  will  offer  less  resistance  to  the  projection  of  a 
'thin  it  than  ivhen  iu  a  quiescent  state  of  equilibrium. 
jposition  being  purely  tlieoretical,  should  be  taken  only 
iienat:.     The  resistance  in  a  fluid  beyond  the  inertia  of 
i  the  momentum  of  the  motive  direction  of  its  parts  to 
i  any  other  body  or  part  in  contact  with  it 
cial  conditions  I  offer  for  this  proposition  are  that  where 
a  body  or  a  current  has  broken  into  a  quiescent  Hquid, 
in^  whirl  motions,  the  liquid  will  then  offer  less  rcsist- 
jrojcction  of  the  body  or  current  for  it  to  continue  its 
ion.    It  is  assumed  that  in  a  current  after  it  has  broken 
ant  matter,  in  front  of  its  projection,  by  inducing  small 
ms,  that   it  will   afterwards  pass  through  the  broken 
n-ith  less  resistance.    This  may  be  roughly  conceived  to 
lin  degree  relative  to  the  resistance  to  intrusion  within 
odies  which  admit  of  easy  penetration  after  they  are  in 
I'ision ;  for  instance  a  plough  impelled  by  a  certain  force 
■eadily  through  a  soil  of  broken  rocks  that  it  could  not 
rocks  were  in  their  natural  undisturbed  condition. 
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cjcctpt  in  a  small  degree  close  to  the  vessel.  I  have  no  doubt  that 
the  motion  would  have  been  less,  had  the  water  been  shallower  in 
Lodi  Ness,  from  the  distance  of  resistance  of  the  lower  surface  of  the 
earth,  so  that  the  eHect  I  have  pointed  out  is  only  partly  due  to  the 
causes  shown. 

d.  The  breaking  up  of  the  ocean  surface  into  separate  motions, 
which  the  system  of  each  wave  may  possibly  be,  as  I  will  hereafter 
discuss,  will,  upon  the  principles  proposed,  offer  less  resistance  to 
the  projection  of  a  vessel  than  that  which  would  exist  in  a  perfect 
calm  surface  so  far  as  the  above  principles  are  active;  although  it  is 
most  probable  that  the  interference  from  directive  wave  motions 
to  the  production  of  a  uniform  connected  whirl  system  which  is 
assumed  to  be  necessarily  engendered  about  the  vessel  (97  prop.)  to 
save  friction  of  adhesion  to  the  water,  would  more  than  compensate 
for  any  gain  that  might  be  derived  from  the  disunion  of  connective 
fluid  matter,  particularly  with  so  penetrating  a  solid  as  the  sharp 
prow  of  a  vessel.  The  difference  of  velocities  of  solids  projected 
with  equal  power  on  smooth  and  on  wavy  seas  might  possibly  de- 
cide this  matter. 

109.  Remarks.    Interference  with  Diffusional  Systems. 

a.  In  the  dilTusion  of  flowing  forces,  when  these  are  active  upon 
« against  solid  resistances,  whirls  will  be  established  in  all  areas 
of  greater  repose,  or  of  protection  from  the  action  of  the  general 
oirrents.  The  circulation  of  the  fluid  near  such  spaces  of  repose 
wHl  establish  systems  of  rolling  contact  for  the  less  frictional 
continuity  of  motion  of  the  projectile  current  This  principle  was 
discussed,  50  prop,  page  153,  but  in  application  to  dilTusional 
systems,  many  cases  in  nature  become  evident  where  there  are 
PWsent  no  bays  or  deep  hollows  as  before  considered,  wherein 
we  find  that  every  surface  irregularity  appears  to  act  with  a  certain 
directive  and  daflective  force,  to  produce  the  minute  diflusional 
ftmns  now  under  consideration,  near  the  surface. 

i.  Further,  every  solid  projection  of  any  kind  from  a  surface 
oppcpsing  a  part  of  a  direct  flowing  fluid,  however  minute,  will  en- 
Stnder  biwhirl  action  by  the  solid  projection  supporting  a  cone  of 
■nilffession,  the  principles  of  which  have  been  discussed  for  larger 
lyitems  in  39  and  75  props. 

c  Tilt  activity  of  projections  of  solid  matters  in  any  form  as 
;  forces  with  the  uniform  resistances  which  cause  equal 
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liy  be  observed  in  manj-  cases  by  deflections  about     *^^ 
;,  by  rotation  of  the  fluid  In  the  parts  protected  fr^^" 
lipulsc  of  a  current.     Thus  if  an  even  stream  of  wa*' 
vertical  surface,   every  very  small    irregularity  *^ 
I'latively  large  rounded  protuberance  or  ripple,  and  tP^ 
;  water  will  be  covered  with  these  protuberances  whic? 
I  foci  of  rotary  systems  that  produce  visible  units  C^ 
Jcontact  of  the  water  over  the  plane, 
mce  or  shade  necessary  for  the  establishment  of  a  rotat>>^ 

c  any  area  of  surface  that  presents  a  hollow,  smooth^ 

Inal  space,  the  unstable  equilibrium  of  the  flowing  flu!4 

:  to  suffer  deflection  from  very  small  resistance  as  X 

I  with  pipes  in  the  seventh  chapter.     The  like  forms 

In  gendered   over   every   opening,    pore,   or   e\'en   dis- 

f  surface,  appears  not  only  to  induce  rotary  systems 

r  resistant  space,  but  to  influence  the  general  motion, 

lite  division  or  vibration  of  the  flowing  sy.stem  indue- 

ly  of  like  rotary  systems,  for  a  considerable  area  in  the 

ntiguous  to  these,     I  have  traced  this  in  musical 

effects  of  openings.     For  the  demonstration  of  a  whirl 

established   in  hollows,  openings,  pores,  and  open 

By  mention  a  simple  experiment  I  observed  at  an  open 

n.ige  window  when  the  train  was  running,  the  air  at  the 

cry  stili.     As  I  was  sitting  I  constructed  a  small  flag 

Imt  of  my  pocket-book  by  first  cutting  the  leaf  nearly 

Bts,  leaving  the  part  near  the  outward  edges  only,  so  that 

1  moved  freely  as  upon  a  joint;  securing  the  one  half  by 
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tntcring  at  the  backward  part  of  the  opening  to  the  direction  of 
motion  of  the  carriage,  and  passing  out  at  the  forward  part,  which 
was  much  less  defined  in  its  direction,  and  of  more  expansive  area, 
there  being  also  evidence  of  intermittent  action.  Placing  my  flag 
in  various  parts  of  the  carriage  I  found  indications  of  perfect  diffu- 
sion throughout  the  whole  carriage;  this  was  also  rendered  ap- 
parent by  the  particles  of  dust  visible  in  the  sunshine  that  entered 
the  window. 

^.  The  circulation  of  fluids  in  areas  of  repose  is  no  doubt  most 

important  to  vegetable  life  in  bringing  its  food  supply  through  the 

atmosphere,  particularly  in  nearly  still  air,  where  whirl  systems  may 

be  formed  in  every  pore,  more  concave  or  more  quiescent  space, 

which  the  shaded  parts  of  the  leaf  will  secure  for  the  faintest  zephyr. 

The  same  principle  will  be  active  in  hollow  or  cur\'ed  spaces  upon 

the  leaf,  where  the  apparent  contractions  caused  by  the  ribs,  form 

interspace  hollows  or  relatively  quiescent  spots,  wherein  the  air 

will  be  constantly  circulating  in  whirl  motions,  bringing  continual 

change  of  food  supply  from  the  passing  current. 

/  There  is  no  doubt  in  my  mind  also,  that  numbers  of  inter- 
ferences produce  like  shadings  and  divisions  of  direct  flowing  forces, 
or  biwhirls,  in  the  most  shaded  parts  of  the  vegetable  surface.  Thus 
hairs,  the  serrated  edges  of  leaves,  and  their  pointed  forms  are 
such  as  will  engender  cones  of  resistance  inducing  whirl  motions 
about  the  leaves,  or  the  entire  plant,  and  although  the  general 
principles  of  separate  resistances,  that  cause  diff"usionaI  motions,  in 
the  air  may  not  be  traceable  to  the  functions  of  a  single  leaf,  still 
the  forms  of  plants  may  be  such  as  to  enable  them  to  induce  the 
circulation  of  the  air  necessary  to  bring  food  continually  to  their 
organs  of  reception.  A  field  of  grass  may  not  in  each  blade  receive 
the  full  value  of  its  whirl-generating  force  to  split  up  and  divide  the 
currents  of  air  that  pass  over  it;  but  upon  the  whole,  it  will  be 
eminently  adapted  to  establish  such  diflfusional  motions  to  attain 
this  object  by  the  number  of  points  the  blades  of  grass  present. 

g.  There  is  nevertheless,  I  anticipate,  some  powers  of  engendering 
motive  forces  in  the  air  in  every  plant  for  its  own  sustenance,  as  we 
find  that  a  single  tree  grows  much  more  vigorously  if  separated 
from  others  although  there  may  be  apparently  the  same  conditions 
of  soil  and  light,  or  even  greater  protection  from  injurious  influences 
of  cold  dry  winds.  Further,  we  observe  that  ever>'  leaf  and  branch 
separates  from  others  as  far  as  possible;  and  trees  will  suffer  almost 

21 
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0  jcach   clear  air   spaces,    as  we   may  commonly 
^ar  tiic  borders  of  woods. 

Balso,  that  there  is  always  present  in  the  atmosphere  - 
of  motion  caused  by  unequal  expansion  of  the  air      — 

I  The  sun  acting  more  directly  on  parts  of  the  land      M. 

■josed  to  his  direct  rays,  as  also  more  upon  open  than  mr 
i  whereas  radiation  is  greater  or  less  according  to  ^^z. 
Bthe  local  surface.  By  these  means  local  currents^^^si 
■by  the  expanded  air  directing  its  impulses  upon  the^^» 
Bees,  causing  thereby  diffusional  and  intermittent*'  a 
By  at  all  times  ensuring  a  constant  admixture  of  the — ^ 

Kt  important  for  the  health  of  both  animal  and  \e^t — "^ 

■he  above  conditions  will  be  those  naturally  inducet^*' 

;,  there  will  nevertheless  be  a  certain  resistance  tt ^ 

IS,  in  the  weak  polar  forces  of  the  molecules  ot  -^^ 
if  we  admit  the  presence  of  such,  upon  conditions  * 
J;  first  chapter.  The  influence  of  polar  forces  will  b^^-^ 
Itate  of  equilibrium  of  rest,  so  that  such  polar  force^"^^ 
Bsional  projections,  that  these  projections  will  nor  ^e 
s  of  constant  forces  but  be  produced  and  main-  ^^ 
Llses  only.  The  condition  of  greatest  polar  tran-  -^ 
I  that  in  which  the  molecules  approach  to  ncaresr  -^ 

1  w«M«,  which  will  consequently  be  also  the  state  o^^* 
felath'ely  to  pressure,  therefore  a  still  atmosphcr^^^ 

featest  density.     In  this  possibly,  we  find  part  of  th^"^ 
|imeter  as  a  weather-glass;  diffusion  of  vapour-bear' 


SECTION    II. 

^^•^Crg/SS/OJ^    OF  NATURAL    PHENOMENA    IN  CONNECTION   WITH 
PREVIOUS  PROPOSITIONS. 


CHAPTER  X. 

^^Neral  conditions  of  motive  forces  observable  in  the 
directions  taken  by  natural  currents,  produced 
by  heat,  the  rotation  of  the  globe,  and  gravita- 
tion,   reaction  of  natural  motive  systems. 

3-10.  General    Conditions    of    Natural    Systems    of    Fluid 
**otions  on  the  Globe. 

^.  In  ofTering  propositions  for  the  motion  of  projectile  fluids,  in  the 

l**"ervious  section,  I  have  been  ^compelled  very  generally  to  demon- 

®^^*"a.te  principles  as  well  as  I  was  able  by  small  table  experiments, 

^■^^  in  so  doing,  have  constantly  felt  the  necessity  of  reference 

**^    natural  phenomena  to  give  my  ideas  wider  and  more  tangible 

^l^raents  of  reality.     This  I  have  felt  most  important,  to  ensure  the 

E^rieral  applicability  of  the  principles  of  fluid  motion  offered;  as 

**tlierwise  the  motive  effects,  that  I  have  discussed  as  principles, 

^ould  possibly  impress  the  mind  as  motions  active  in  small  close 

systems  only.      To  obviate  this  defect  in  writing  the  previous  sec- 

k  "On,  I  made  at  first,  an  attempt  to  give   some   illustrations   by 

ft         natural  phenomena,  but  found  that  tn  proportion  as  I  introduced 

■        sucii   experimental    evidence,   to    support    my   propositions,    the 

K        t>atural  phenomena  themselves  required   for  illustration  so  much 

■        general  description,  that  the  continuity  of  my  ideas  were  obscured 

H       Or  lost,  and  the  special  principles  of  fluid  motions  I  wished  most 

particularly  to  impress,  at  the  time,  became  complicated  with  other 

effects  which  represented  only  disturbing  elements.     I  therefore  de- 

tmnined,  as  I  was  unable  to  overcome  the  difficulty,  that  I  would 

disciuB  such  portable  experiments  only,  as  I  was  able  to  make,  to 


PROPERTIES   AND   MOTIONS  OF  FLUIDS.               ,^,A». 

y  ideas;  and  to  set  aside  the  consideration   of  more 

itural  phenomena  for  discussion  in  a  separate  section  to 
same,  after  I  had  considered  the  active  principles  that  I 
■ere  evident  in  the  displacement  of  fluids  generally;  and 
1  therefore,  I  conceived,  not  depend  in  any  way  upon 
'US  of  the  motive  systems  considered, 
ler  inducement  to  follow  this  course  of  demonstration 
in  that.  I  could  obtain  considerable  support  from  the 
rections  of  general  surface  motions  of  fluids  upon  the 
e  observations  of  others ;  as  also  in  some  of  the  theor- 
:tions  taken  therefrom.     This  I  found  particularly  the 
Jiscussion  of  the  general  principles  of  air  motion  in  the 
b>'  Sir  John   Herschel  in  his  Physical  Geography  and 
in  the  eighth  edition  of  the  Encyclopedia  Britannica. 
■a  general  support    for   my  propositions   in  the   theorj' 
:irculation,  of  Lenz  of  St.  Petersburg;  which  has  met 
radical  demonstrations  in  the  valuable  researches  of  Dr. 
These  matters  appeared  to  me  to  lead  to  demonstra- 
establishment  of  a  system  of  aerial  and  oceanic  circu- 
was  evidently  active  upon  the  same  principles  as  those 
u.sscd  for  other  cases  of  projection  and  resistance  in 
1  by  my  small  experiments. 
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These  facts  may  also  tend  to  establish  3  principle,  I  think  exists, 
namely,  that  fluids  move  as  perfectly  homogeneous  systems  of 
matter  in  which  impressed  forces  in  unit  masses  act  as  the  ampli- 
tudes and  velocities  of  impression  into  the  masses  impressed,  pro- 
portionally, whether  the  masses  be  the  aqueous  or  aerial  systems 
of  a  planet,  or  systems  as  small  as  those  given  in  my  experiments ; 
orbyiw^rrtiainalmost  infinitely  small  systems,  such  as  are  possible 
in  the  circulation  of  the  smallest  animalcul^e.  In  this  matter  I 
consider  the  smaller  motions  sufficiently  demonstrated  in  the  last 
section,  so  that  I  have  now  only  the  conditions  of  the  larger  natural 
systems  to  consider. 

d.  For  the  generative  sources  of  motion  in  fluids  upon  the  globe, 
which  may  act  afterwards  in  the  manner  given  by  the  demonstra- 
tions of  my  propositions,  and  which  I  wish  to  further  assure,  wc  have 
principally,  the  presence  of  ever-active  forces  of  the  sun's  heat  and 
the  earth's  rotation.  The  air  and  water  volumes  upon  which  these 
forces  act  remaining  constant,  and  thermal  forces  cause  local  ex- 
pansions, where  the  sun's  rays  fall  most  directly,  thereby  produc- 
ing Quid  displacements.  We  may  anticipate  in  these  displacements 
upon  the  surface  of  the  globe,  whose  velocity  in  parts  varies  as  the 
difference  of  circumference  of  rotation,  that  some  general  motive 
principles  will  be  active  in  the  direction  of  the  fluids  upon  it, 
bywhich  whirl  systems  will  be  formed  upon  every  resistance  to  the 
direct  impulse  impressed.  Such  whirls  or  biwhirls  hemg/ree  or  pro- 
jectile if  produced  by  intermittent  impulses  (67  prop.),  or  located  in 
^ac^  if,  by  the  conditions  present,  the  forces  act  with  constancy  (73, 
7? props.);  always  assuming  the  fluids  upon  which  such  forces  act 
*•>  be  in  a  state  of  equilibrium.  In  the  operations  of  nature  such  free- 
dom of  quiescent  equilibrium  in  the  resistant  fluid  to  meet  the  above 
conditions  will  not  frequently  be  found,  and  we  have  then  to  consider 
"ich composition,  or  diffusion  of  forces,  as  may  occur  (tog  remarks). 
Further,  the  conic  resistance  in  one  plane  may  meet  with  other  forms 
rf  resistance  which  will  deflect  and  deform,  as  it  were,  the  equili- 
liriuin  of  forces  in  the  entire  system,  as,  for  instance,  the  projectile  cen- 
tral force  of  a  flowing  river  will  meet  with  very  unequal  resistances 
virHcally,  as  above  the  central  projection  we  have  the  air,  and  below 
tlie  solid  earth  of  the  bed  of  the  river,  so  that  the  equilibrium  of 
resistance  by  which  equilateral  biwhirls  can  be  formed,  will  be  pos- 
liUe  in  horizontal  surface  planes  only,  where  equilibrium  is  pro- 
'*aoed  by  gravitation.    And  as  regards  vertical  motion,  whiris  will 
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1  downwards  only  upon  the  resistance,  as  whirls  of  rolling 
jrther,  as  the  bounding  aerial  surface  of  water  approaches 
m  of  a  perfect  plani:,  and  that  the  land  surface  meets  this 
where  with  nearly  equal  resistance  />ci-  linca;  horizontal 
will  be  always  in  approximate  equilibrium,  as  regards 
ce  motions,  and,  approximately,  equilateral  biwhirl  sys- 
;  found  to  be  generally  induced  in  this  surface  plane.  On 
ind,  if  a  liquid  or  aerial  system  have  considerable  depth, 
re  from  any  causes  extensive  under,  over,  or  intermediate 
:upying  broad  bands  of  moving  fluid,  some  cases  of  which 
iftcr  discuss,  such  currents  wit!  form  biwhirl  systems,  in 
\on  only,  in  central  parts,  and  generally  to  our  powers  of~ 
ance  of  such  systems,  will  appear  as  continuous  flowing^ 
ig  one  uniform  direction;  so  that  in  this  case  we  shall 
ive  surface  motion  quite  distinct  and  often  opposed  to 
n  of  currents  above  or  below  certain  gravitation  planes. 

es  which  move  the  fluids  of  the  globe. 

;  convenient  before  entering  into  discussion  of  natural 
us,  to  point  out  briefly  the  motive  forces  that  act  directly 
:al  fluids;  the  principles  of  which  in  a  general  sense  arc 
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cmsideratton  of  terrestrial  heat  derived  from  volcanoes  and  springs, 
vkich  forms  but  a  small  element  of  heat-force  in  the  great  economy 
of  nature,  evident  in  superficial  systems. 

b.  The  radiation  of  heat  from  the  sun  has  three  distinct  functions: — 
1.  It  acts  directly  to  expand  the  air  vapour  and  water,  heating  these 
bodies  at  the  same  time  to  a  certain  temperature,  this  expansion 
being  greatest  in  the  formation  of  vapour  from  water,  2.  It  acts  in- 
directly by  giving  the  heated  bodies  forces  of  radiation,  from  the 
temperature  tliat  they  have  received,  which  gives  them  again,  at 
anotlter  time,  an  equal  force  of  contraction  or  of  condensation, 
which  acts  motivcly  in  the  inverse  direction  to  the  original  expan- 
sion, and  with  force  equal  to  it,  all  bodies  being  assumed  to  radiate 
ind  receive  heat  according  to  Prevost's  law  of  exchanges.  3.  Heat 
acts  also  in  producing  currents,  by  rendering  the  expanded  fluids 
tighter,  and  the  radiated  condensed  fluids  heavier;  the  parts  of  the 
fluid  affected,  seeking  gravitation  equilibrium,  by  the  one  part  under- 
flowing  or  overflowing  the  other. 

i.  By  the  important  experiments  of  Joule  we  obtain  knowledge  of 
the  values  of  heat  expansions,  as  material  forces,  in  the  laws  he  has 
established  for  the  equivalence  of  heat  and  mechanical  force,  in  which 
we  leam  that  every  degree  Fahrenheit  of  elevation  of  temperature 
of  a  pound  of  water  equals  the  mechanical  elevation  of  one  pound 
weight  to  a  height  of  772  feet ;  and  if  we  consider  the  known  action 
of  the  sun  in  raising  the  temperature  of  fluids  upon  the  earth,  we  at 
once  have  data  for  conceiving  the  immensity  of  the  forces  active  in 
wusing  expansions;  which  will  be  at  all  times  sufficient  to  account 
for  the  movement  of  masses  of  air  and  water,  with  the  forces  we 
witness,  against  the  powerful  resistances  present  on  the  earth's  sur- 
face, and  in  the  fluids  themselves  fonvard  of  the  position  to  which 
they  are  moved. 

rfThe  exact  values  given  by  Joule,  if  taken  superficially,  in  rela- 
tion to  measurable  inferences  from  cosmical  phenomena,  represent 
possibly  only  about  one-third  the  absolute  forces  derived  from  heat 
communicated  from  the  sun  as  ascertained  in  the  manner  that  we 
are  able  to  measure  it  by  the  thermometer;  as  the  temperature  of 
vater,  for  instance,  elevated  one  degree,  has,  during  this  elevation, 
exerted  an  expansive  force,  and  performed  the  outward  work  of  press- 
ing fluid  masses  aside  and  upwards,  as  well  as  the  intermolecular 
worit  of  increasing  palpable  temperature.  And  the  like  work  is 
ogam  performed,  after  a  certain  period,  by  radiation  and  contraction 
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heat,  on  another  part  of  the  earth,  or  at  night,  to  bring 
ain  to  the  initial  temperature  from  which  we  at  first 
akcn;  the  heat-forces  from  surface  waters  being  abo 
fcrrcd  to  the  air  and  not  lost     In  the  same  manner  the 
imperature  in  the  ocean  is  observed  to  be  only  about 
■■ahrenheit;  but  the  quantities  of  heat-force  utilized  in 
1  of  vapour  over  these  regions  is  perhaps  fourfold  that 
blc  by  the  thermonneter.   This  vapour-force  being  made 

by  forces  witnessed  principally  in  reaction,  active  else- 
;ids,  currents,  and  rainfall. 

;ct  local  influence  of  the  sun  upon  separate  regions  of 
shown  by  Sir  John  Hcrschel,' — -in  that,  "  the  same  sun- 

at  a  vertical  incidence,  acts  on  a  surface  equal  to  its 
il  area,  when  incident  obliquely  on  the  earth  (including 
re),  is  spread  over  a  surface  larger  in  the  inverse  pro- 
idius  to  the  sine  of  the  obliquity.      It  needs  little  con- 
len,  to  perceive  that  at  the  poles,  where  the  sun  is  below 
for  half  the  year,  and  where  during  the  other  half  it 
;  a  greater  altitude  than  234°,  and  l/iat  only  for  a  short 
:tivc  warming  power  on  a  given  horizontal  surface  must 

inferior  to  that  which  it  exercises  in  the  equatorial 
re  its  meridional  altitude  never  falls  short  of  66J°,  and 
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g.  As  the  earth  maintains  upon  the  whole  a  mean  constant  tem- 
perature at  all  times,  or   as  approximately  so  as  we  are  able  to 
measure  it,  it  will  be  clear  that  the  earth's  radiation  of  heat-forces 
into  space,  from  displaced  fluids,  is  as  great  as  its  powers  of  receiving 
sudi  forces  by  radiation  from  the  sun.     So  that  as  tlie  sun's  heat- 
Ibrce  diminishes  towards  the  poles,  whence  fluids  arc  directed  by 
thermal  expansions,  the  excess  of  the  earth's  radiational  forces  in 
these  r^ions  must  be  equal  to  the  entire  amount  of  heat  thus  re- 
ceived.   And  as  the  contraction  of  a  natural  body  by  loss  of  heat- 
force,  in  any  maimer,  is  inversely  equal  to  the  expansions  per  unit 
of  heat-force ;  such  contractions  react  locally  upon  surrounding  parts 
»itJi  equal  energy  to  the  original  heat  expansions,  as  before  stated. 
b.  By  the  obliquity  of  the  sun's  rays  to  the  surface  of  the  globe 
near  the  poles,  we  have  here  regions  at  all  times  covered  with  ice, 
therefore  of  constant  condensation,  whereas  in  the  tropics  we  have 
regions  of  alternating  expansion  and  contraction,  or  of  absorption 
and  radiation  of  heat,  day  and  night,  caused  by  the  earth's  rota- 
tion.    We  have,  therefore,  the  heat  expansions  of  fluids  as  directive 
forces,  from   the  tropical  area,  pulsatory,  and  the  polar  forces  of 
contraction,  constants    The  pulsatory  action  gives  the  fluids  pro- 
jected by  heat-forces  greater  penetrating  powers,  upon  principles 
discussed  in  the  fifth  and  sixth  chapters  (73  prop.  c). 

i.  The  diurnal  expansive  effect  of  the  sun's  rays,  upon  the  above 
principles  must  drive  forward  a  wave  of  condensation,  in  both  air 
and  water,  which  traverses  the  fluid  parts  of  the  globe  in  its  rota- 
tion, acting  auxiliary  to  the  tidal  wave  caused  by  the  sun's  attraction 
conjointly  with  that  of  the  moon,  these  waves,  being  intermittent, 
are  pulsatory  in  diurnal  periods,  and  therefore  locomotively  pro- 
jectile. 

j.  From  the  above  it  will  be  clearly  conceived  that  we  have  estab- 
lished upon  the  globe,  a  thermal  diurnal  pulsatory  force  system, 
which  expands  fluids  at  the  equator,  causing  them  to  flow  or  overflow 
outwards  in  the  paths  of  least  resistance,  and  near  the  poles,  an 
area  of  constant  terrestrial  radiation  of  heat  which  acts  as  a  con- 
denser to  bring  over  the  expanded  fluids;  condensing  and  causing 
them,  to  return  towards  the  thermal  equator,  by  their  gravitation 
forces  in  their  superior  densities  after  condensation ;  by  any  path  that 
tSca  at  the  time  the  least  resistance  to  the  establishment  of  equiti- 
brium  of  the  fluid  systems  as  they  rest  upon  the  globe.  Such  thermal 
force  nnder  any  conditions  gives  fluids  upon  the  earth  a  general 
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reciprocal  action  in  northern  and  southern  directions.  The  prin- 
ciples of  action,  evident  in  such  motion  in  these  fluids,  resembles 
the  circulation  of  water  which  we  find  in  common  practice  in  the 
heating  of  buildings  by  pipes,  where  the  heat  at  one  end  of  a  system 
causes  the  constant  projection  of  an  upper  surface  current,  whereas 
the  cold  or  radiation  of  heat  at  the  opposite  end  of  the  system 
constantly  effects  the  supply  of  a  denser  underflowing  one. 

k.  The  warm  air  present  at  the  formation  of  vapour,  by  direct 
action  of  the  sun's  rays  and  by  reflection  from  the  earth  and  ocean, 
rises  with  it,  by  the  elastic  forces  of  the  expanded  compound  aerial 
fluid  thus  formed,  to  greater  elevation  under  the  pressure  of  lateral 
denser  surrounding  air,  which  is  by  this  cause  directed  to  underflow 
inwards  beneath  the  lighter  fluid  from  the  nearest  direction  in  whicli 
it  can  find  a  free  or  less  resisted  path  to  supply  the  loss.  In  this 
manner  we  have  direct  undercurrents  projected  towards  the  areas 
of  thermal  expansion  and  evaporation.  To  complete  such  a  system, 
where  the  heat-force  is  practically  constant,  if  taken  for  the  whole 
globe,  we  have  also  necessarily  a  locality  of  condensation  of  vapour 
forces;  otherwise  such  evaporation,  if  constant,  would  engender 
cumulative  resistance  equal  to  its  elastic  force  by  heat  expansion. 
From  this  cause  the  condensed  water  in  rainfall  in  temperate  and 
polar  regions  produces  inflows  to  partly  equilibrate  the  excess  of 
vapour-force  active  upon  oceanic  areas  where  the  evaporation  is  in 
excess  of  precipitation. 

/.  Between  the  two  areas  of  greatest  expansion  and  contraction 
formed  by  the  causes  given  above,  we  need  the  constant  action  of  a 
system  of  reciprocally  motive  forces,  embodied  in  the  fluids  acted 
upon,  which  in  their  movements  seek  the  least  frictional  courses, 
that  the  accommodation  permits  to  maintain  a  circulatory  system, 
establishing  means  of  supply  in  proportion  to  demand,  to  the  aerial 
and  aqueous  thermal  systems.  These  special  local  conditions  I 
will  consider  further  on. 

118.  Thermal  Forces  in  Vapour  Systems. 

a.  The  formation  of  vapour  as  representing  an  expansile  force, 
and  of  rainfall  as  a  contractile  one,  are  of  such  importance  as 
elements  of  motive  forces  upon  the  globe,  that  this  subject  may 
with  advantage  be  further  considered  for  certain  particulars. 

d.  First  as  regards  the  formation  of  vapour.  We  may  possibly 
assume  that  the  sun's  rays,  acting  directly  upon  the  aqueous  surface. 
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tnay  be  divided  into  two  distinct  functions,  i.  A  part  of  the  sun's 
rays  is  evidently  active  upon  the  surface  film  producing  reflection. 
This  reflection  may  be  conceived  to  be  partly  active  in  the  form  of 
Zealand  light,  and  partly  in  the  molecular  ac\.\on  oi  ei'aporation ; 
possibly  in  the  manner  suggested  in  the  i6  prop.  2.  A  part  of  the 
Sun's  heat  enters  a  liquid  by  direct  radiation,  as  other  heat  forces 
do  in  passing  into,  or  through,  transparent  media.  This  radiation 
force  of  the  sun's  rays  has  been  detected  to  be  measurable  by 
Uiennometers  in  clear  water  within  a  depth  of  600  feet,  as  some 
experiments  on  board  the  Challenger  show. 

c.  By  the  first  condition  offered  above  we  have  evaporation 
direct  upon  impact  of  the  sun's  rays,  which,  as  regards  the  water 
evaporated  upon  the  surface  of  the  globe,  may  be  considered  to 
form  an  intermittent  or  diurnal  vapour  system.  For  the  second, 
in  which  we  have  a  general  heating  of  this  aqueous  surface  to  a 
considerable  depth,  and  in  so  far  as  the  surface  reacts  afterwards 
by  radiation,  we  have  a  constant  evaporative  force  active  at  all  times, 
day  and  night,  which  is  particularly  evident  within  intertropical 
regions,  where  it  is  found  that  the  surface  temperature  of  tlie  ocean 
varies  very  little.  This  secondary  constant  force  of  evaporation 
is  supported  by  the  high  specific  heat  of  water,  by  which  the  heat- 
force  is  conserved  with  small  outward  elevation  of  temperature 
to  react  afterwards  motively  upon  its  reduction  to  lower  tempera- 
ture. There  is  also  active,  to  support  the  constancy  of  surface 
heat,  the  presence  of  convection  currents;  which  by  interchanges, 
tend  at  all  times  to  maintain  the  surface  temperature  as  high  as 
any  part  of  the  liquid  mass, 

d.  Reserving  a  fuller  consideration  of  the  part  that  vapour  plays 
upon  the  globe  in  special  and  local  vertical  circulation,  and  taking 
only  general  particulars,  we  may  take  it  for  granted  that  evaporation 
represents  a  constant  expansile  force  over  tropical  areas  by  the  for- 
mation of  a  constantly  renewed  elastic  fuid  system,  which  is  intruded, 
and  takes  partially  the  place  of  the  air.  It  will  also  follow  that 
either  at  some  part  distant  from  or  near  to  the  tropics  there  will 
be  an  area  of  condensation  where  the  vapour  returns  to  water,  its 
place  in  the  aerial  elastic  system  being  only  made  up  by  'ooi  of 
its  original  volume,  which  the  water  approximately  represents  in 
rdation  to  its  vapour. 

£.  Dalton  found  that  evaporation  forces  rapidly  decreased  by  loss 
of  temperature  in  water.     Thus  a  certain  surface  of  water  at  boiling 
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I  evaporated  40  grains   per  minute,  at   180°  Fahr.,  2C» 

,  10  grains,  and  so  on,  until  at  about  39  degrees  th^s 

Bwas  very  slow,  although  it  continued  at  all  temperatures_ 

n  further  experiments  we  infer  that  the  tropical  heat — 

lined  in  raising  vapour  are  immensely  greater  than  th^ 

1  under  greater  obliquity  of  the  sun's  rays  in  the  tem- 

Practically  the  air  at  the  freezing  temperature  of 

Tree  state  contains  very  little  vapour;  so  that  we  may 

in  all  areas,  condensation  will  take  place  to  a  certain 

;  lowering  of  the  temperature  of  vapour,  but  that  at 

It  this  operation  will  almost  practically  cease,  so  that  in 

I  32°  Fahr.  we  have  generally  to  consider  the  effects  of 

3  in  producing  contractions  upon  the  air  only,  as  befoire 

icontinuity  of  the  flow  of  air  over  water  it  will  finally 

\;;ed  with   moisture    from   surface  evaporation.     This 

invisible  vapour,  will  be  a  conservation  of  heat-force 

;  partially  restored  upon  after  condensation.     It  will 

l:ur  in  the  projection  of  vapour  currents  that  these  may 

nto  the  polar  regions,  where  the  average  cold  would  io 

Bort  the  vapour-force,  were  it  not  for  the  heat  restored 

lial  condensation.     Further,  as  we  find  that  all  polar 

mal  fluid  forces  possess  eastern  momentum  relative  to 

velocity  of  tlie  earth,  by  conditions  to  be  discussed, 

tiirrcnts  as  those  of  aqueous  and  aerial  ones  will  thus 

Ito  easterly  courses.     It  would  also  follow  that  at  the 

r  sides  of  these  currents  condensation  would  con- 
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condense  proportionally  by  decrease  of  temperature.  ,  It  becomes 
therefore  probable  that  vaporous  projections  into  polar  areas  fall 
generally  somewhat  short  of  purely  aerial  ones,  so  that  assuming  such 
vaporous  forces  to  produce  whirls,  as  I  shall!  endeavour  hereafter  to 
show  they  do,  by  original  thermal  projection  and  condensation  in 
separate  regions,  they  would  form  such  whirls  of  less  amplitude  than 
these  formed  by  a  purely  aerial  system.  Some  evidence  of  the 
above  I  will  discuss  further  on. 

114.  Obliquity  of  the  earth's  axis  in  relation  to  heat-forces. 
a.  The  obliquity  of  the  earth's  axis  of  revolution  which  causes  our 
local  summer  and  winter  temperatures  permits  the  sun  to  act  in  the 
expansions  of  the  fluids  presented,  alternately,  in  the  northern  and 
southern  hemispheres;  the  direct  expansion  over  the  summer  half  of 
the  year  being  possibly  about  double  those  of  the  winter  half.  The 
intensity  of  the  heat-forces  increasing  up  to  the  summer  solstice, 
and  decreasing  in  like  manner  after  this  until  the  winter  solstice, 
upon  principles  defined  112  art.  ff.  The  direct  effects  of  the  sun's 
heat-forces  largely  disappear  in  work  exerted  upon  the  mobile 
fluids  of  the  earth.  Thus,  in  the  advancing  summer  the  expansive 
force  of  the  sun's  heat  only  appears  to  increase  the  amount  of  cold 
in  the  temperate  regions  by  acting  upon  the  air  and  expanding  it, 
a  portion  of  the  cold  air  being  driven  from  the  regions  where  the 
sun's  rays  now  penetrate,  against  the  resistance  of  the  friction  of 
its  gravitation  and  adhesion  to  the  earth.  At  the  same  time,  the 
contractions  of  the  air  and  water  in  the  opposite  polar  area,  by  the 
radiation  of  the  terrestrial  heat  attained  in  the  previous  summer, 
is  drawing  over  and  condensing  the  aerial  and  aqueous  currents 
to  equilibrate  the  missing  elastic  force  derived  from  circum-polar 
surface  radiation,  which  leaves  the  winter  temperatures  much  higher 
than  they  would  be  if  derived  directly  from  the  local  cfi'ccts  of  the 
sun's  influence  into  the  earth's  radiation,  particularly  in  early  winter 
when  the  vapour  condensations  arc  greatest.  From  this  cause,  the 
sun's  rays  may  even  be  absent  for  long  periods,  and  yet  the  climate 
be  quite  bearable  to  humanity ;  thus  in  certain  positions  we  find 
regions  quite  habitable  within  the  arctic  circle,  where  the  cold  would 
be  intolerable  were  it  not  for  the  eff'ects  of  this  general  principle, 

i.  The  local  motive  values  of  heat-forces,  modified  by  the  obli- 
qui^  <^  the  earth's  axis,  may  be  partly  shown  by  the  winter  and 
sumioer  pressures  over  large  continents  where  surface  radiation  is 
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Thus  we  find  in  the  centre  of  Asia,  as  the  researci^= 
;how,  that  the  atmospheric  pressure,  evidently  from  tl» 
condensation  of  the  air,  is  on  an  average  30-4  in  tlk.  -. 
of  January.    Whereas,  by  summer  expansions  it  is  oni^>j 
L^'C  29'34  inches  in  July,  or  about  equal  to  one  incii 

mercury  pressure.' 

the  time  of  expansion  by  heat-forces  over  continental 
tlie  air  is  driven  constantly  to  lower  latitudes,  and  thcre- 
is  of  higher  temperatures  In  the  advance  from  winter  to 
.^e  expansions  represent  immense  forces;  the  increase 

air  at  the  same  pressure  being  3!^  part  for  every  degree 
if  additional  heat.     But  this  altogether  forms  only  one 
vapour  forces  arc  relatively  greater  in  expansions  and 
IS,  wherein  the  mass-reduction  from  vapour  to  water  b 

lusand-fold;   such   expansions  and   condensations  aid 
jrming  local  winds. 

)ver  oceanic  areas,  by  the  difference  in  the  obliquity  of 
ys,   we  have  no  similar  directly  measurable  thennal 
r  loss  of  atmospheric  weight  shown  by  the  barometo-, 
to  that  derived  from  the  direct  radiation  of  heat  upon 

causes  expansion  over  continental  areas;   but  in  the 
:is  the  active  vapour-forces  as  they  are  increased   bj' 
t  must  constantly  increase  also  the  amount  of  vapour. 
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*a  before  stated.  Such  immeasurable  forces  being  also  largely 
leHved  from  the  latent  heat  absorbed  in  the  one  case,  and  released 
in  the  other,  in  the  formation  of  water  from  vapour,  and  ice  from 
water,  and  vice  versa. 

115.  General   effects    of  latitude    velocities    upon    cosmic 
finids. 

a.  There  is  no  direct  momentum  of  fluids  at  the  poles  relative  to 
the  earth's  revolution,  the  earth  turning  upon  an  apparently  immov- 
able axis  once  in  every  twenty-four  hours  nearly;  whereas  at  the 
equator  the  direct  momentum  is  about  one  thousand  miles  per 
hour,  the  intermediate  spaces  being  as  the  latitude  velocities  of  the 
respective  parts  of  the  globe.  By  this  we  comprehend  that  by  any 
transposition  of  a  fluid  north  or  south,  the  fluid  will  carry  with 
it  the  velocity  momentum  of  its  mass  from  the  latitude  of  the  part 
of  the  globe  from  which  it  was  displaced ;  which  velocity  momentum 
would  be  plus  or  minus  that  of  the  earth's  velocity,  according  to 
whether  it  was  directed  north  or  south.  The  theory  of  this  principle 
of  motion  was  first  pointed  out  by  Hadley,  Phil.  Tr.,  1735,  and  was 
sho^n  satisfactorily  to  give  an  eastern  or  western  impulse  to  fluids 
relative  to  the  earth's  revolution,  in  all  cases  where  these  were  ex- 
panded or  otherwise  directed  northward  or  southward  from  any 
cause.  The  effects  of  revolution-velocity  giving  in  most  cases,  par- 
ticularly in  nearing  the  tropics,  greater  direct  momentum  to  the 
air,  vapour,  and  water,  than  the  direct  effects  of  expansion  and  con- 
traction, by  the  radiation  of  the  sun  and  earth,  in  moving  these  fluids 
north  and  south  by  diurnal  and  seasonal  expansions  and  contrac- 
tions. Upon  this  principle  the  trade-winds  are  accounted  for.  There 
is  one  point  in  the  effects  of  revolution  velocity,  in  relation  to  thermal 
displacements,  that  I  am  not  aware  has  been  previously  observed, 
which  is  important,  namely — that  the  revolution  of  the  globe  being 
a  circular  motion  around  the  poles  of  the  earth;  that  the  influence 
of  all  thermal  forces,  which  are  direct  or  iongitiidinal  motions  to  or 
from  tlu  poles,  will  engender  elliptical  orbits  in  displaced  fluid  matter. 
These  orbits  may  be  complete  or  deflected  by  composition  with 
other  forces.  This  principle  we  shall  find  will  materially  affect  the 
direction  taken  by  aerial  elastic  fluids,  but  with  water,  the  cohesion 
of  its  mass  will  resist  motive  ellipticity  with  a  certain  force ;  although 
the  same  influences  will  nevertheless  be  manifest  in  this  also  in 
degree. 
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Is  Upon  the  globe  cannot  move  constantly  in  one  dire^- 
Bction  of  heat  and  revolution  forces  without  materially' 
Havitative  equilibrium,  a  fluid  pressed  to  one  part  of  the 
1  a  resistance  to  following  parts.     In  such  resistances 
Im  of  projection  will  be  lai^ely  conserved,  for  defiection 

■  nto  the  path  of  least  resistance,  for  the  continuity  of 
"thirl  motion  being  the  general  resultant;  the,  whiri 
lirection  in  space,  horizontally,  vertically,  or  obliquely, 
Bthe  composition  of  forces  present. 

Iv  particularly  the  effects  of  the  earth's  revolution  upon 
lurface,  we  may  with  advantage  take  the  conditions  of 
J  case — and  suppose  for  an  instant  the  earth  perfectly  ' 
J  space,  that  is,  with  no  rotary  motion,  with  its  fluids 
lently  upon  it,  as  formerly  believed.  If  we  now  im^ine 
Inly  commences  to  rotate  upon  its  axis,  by  movement 
Barts,  in  a  west  to  eastern  direction  as  actually.  Then 
■rcumstances  the  inertia  of  the  fluids  resting  near  the 
|d  be  able  only  slowly,  from  the  mobility  or  infinite 
r  systems,  to  take  up  the  revolution  velocity  of  the 
in  fact  they  would  resist  movement  as  the  entire 
lir  mass  into  the  mobility  of  their  systems.  Under  such 
would  be  very  clear  that  the  equilibrium  of  the  polar 
I  not  be  greatly  disturbed ;  but  the  inertia  of  the  mobile 
I  near  the  equator  would  throw  them  apparently,  that  is, 
I  the  earth's  revolution,  with  great  violence  in  a  westerly 
In  this  case  the  liquids  would  be  powerfully  projected 
Ij.stern  boundaries,  or  coasts,  which  they  would  overflow 
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minus  velocity,  so  as  to  appear  from  the  solid  parts  to  be  in  motion 
in  an  opposite  direction  to  that  of  the  revolution,  and  that  the  waters, 
if  resisted  in  such  motion  by  sohd  parts  of  the  globe  would  be  de- 
flected upon  the  resistance,  and  move  under  this  deflection  towards 
the  polar  parts  where  their  velocities  would  be  first  brought  to 
equilibrium  with  the  rotation,  and  then  by  continuity  of  pressures 
causing  further  deflection,  in  excess  of  it;  producing  an  apparent 
movement  in  an  opposite  direction.  It  would  further  be  clear 
that  such  a  system  of  drifting  of  the  oceans  upon  their  western  boun- 
daries, and  of  deflections  to  polar  parts  would  materially  disturb 
the  equilibrium  of  gravitation  by  abstraction  of  water  from  the 
eastern  equatorial  parts;  therefore  gravitation  being  active  propor- 
tionally to  the  elevation,  the  disturbance  would  cause  the  elevated 
waters  to  flow  to  equilibrium  from  the  parts  where  the  directive 
impulses  were  least  active;  and  in  this  instance,  the  water  deflected 
first  to  a  western  boundary,  and  then  towards  a  polar  area,  would 
produce  a  return  supply  current  to  establish  gravitative  equili- 
brium along  the  eastern  coasts,  thus  producing  a  complete  surface 
rotation  of  the  ocean. 

e.  If  we  now  again  return  to  the  eff'ects  of  a  thermal  force  as  dis- 
cussed 112  art,  assumed  active  on  an  aqueous  system  in  projecting 
liquids  on  the  globe  to  and  from  the  equator,  we  may  assume  that 
every  particle  of  liquid  matter  that  may  be  moved  as  a  supply  cur- 
rent towards  the  equator  will  carry  with  it  a  minus  revolution  velo- 
city, therefore  it  will  be,  in  relation  to  the  velocity  of  the  latitude  to 
which  it  is  drifted,  as  new  matter,  which  will  be  subject  to  the  condi- 
tions considered  above,  of  fluid  thai  commences  to  move  upon  a  rota- 
tory globe,  in  the  ratio  of  the  minus  rotational  velocity  that  it  will 
have  in  flowing  towards  the  higher  velocity  near  the  equator. 

/  We  may  now  therefore  confine  our  attention,  for  one  condition 
of  the  motive  principles  discussed  above,  to  a  liquid  commencing  to 
move  within  a  prescribed  area,  surrounded,  or  partly  so,  by  resist- 
ances, which  act  to  the  liquid  as  a  containing  vessel,  in  preventing  a 
general  propagation  of  direct  circumferential  motions.  We  may  take 
such  containing  vessel  to  be  one  of  our  great  oceans,  or  any  area  of 
smaller  dimensions,  provided  that  the  differences  of  velocity  of  parts 
of  the  system  are  sufficient  to  give  a  difference  of  momentum  to  the 
polar  and  equatorial  sides  of  the  fluid  taken. 

g.  Under  the  conditions  proposed  above,  experiment  becomes 
mudi  simplified,  for  we  have  in  this  case,  instead  of  assuming  a 
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number  of  conflicting  motions  to  represent  tjie  directions  of  surface 
forces,  the  condition  of  a  fluid  ai  rest  which  commences  to  move. 
Wc  have  at  the  same  time  demonstration  in  natural  phenomena  in 
the  certainty  of  the  inertia  of  fluids  reacting  near  the  equator,  as  wc 
find  in  the  direction  of  the  trade-winds  and  surface  oceanic  drift,  ^ 
which  transports  the  fluids  th'emselves,  and  that  must  act,  in  r^ard 
to  rotational  velocities,  as  new  matter  which  has  not  acquired  the 
latitude  velocity  of  the  place  whence  it  is  transported. 

h.  If  we  now  take  the  case  of  a  liquid  at  rest  in  a  containing  area 
of  resistance,  for  which  conditions  we  may  assume  that  of  the 
Southern  Atlantic  Ocean;  this  area  being  convenient  as  it  is 
included  in  moderately  parallel  meridional  planes  of  resistance  on 
two  sides  by  the  coasts  of  S.  America  and  Africa,  Then  assuming  that 
thermal  forces  direct  the  oceanic  waters  south  from  the  equator, 
as  just  proposed,  and  that  these  waters  in  their  new  position 
now  act  as  new  matter  which  has  not  attained  the  minus  latitude 
momentum  of  its  displaced  position.  We  may  then  represent  the 
conditions  I  propose  experimentally  as  follows; — 


The  trough  shown  in  the  engraving.  Fig.  162,  was  made  for  trying 
this  experiment;  its  dimensions  were  30  inches  in  length,  20  inches 
in  width,  and  6  inches  in  depth.  It  was  constructed  so  that  it  could 
be  moved  round  upon  a  centre  c.  This  centre  may  be  assumed  to 
represent  the  position  of  the  terrestrial  axis  at  the  South  Pole,  in 
the  illustration  taken  of  the  Southern  Atlantic,  when  the  apparatus 
is  moved  round  by  a  handle  fixed  at  A  in  the  direction  of  the 
arrows  bb'.  For  convenience  of  experiment  the  centre  of  the 
apparatus  was  supported  upon  a  post  of  about  a  yard  in  height ; 
motion  being  given  to  the  vessel  by  taking  the  handle  in  the  band 
and  walking  around.  The  water  flowed  in  the  direction  shown  by 
the  arrows  inside  the  trough,  which  was  made  visible  by  particles  of 
sawdust  floating  upon  the  surface. 
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t.  On  continuing  to  walk  around,  after  a  certain  time,  the  water 
ceased  to  rotate,  the  friction  of  the  vessel  finally  retarding  it,  and 
all  parts  acquiring  an  initial  radial  velocity.  But  now  a  current 
projected  in  the  direction  from  A  towards  the  centre  c,  assumed 
to  represent  the  thermal  effects  proposed  (112  art.),  by  means  of  a 
supply  pipe  (not  shown  in  the  illustration),  the  rotation  recommenced 
de  novo;  and  the  same  took  place  from  a  like  projection  of  water  in 
the  opposite  direction,  from  near  the  centre.  In  all  cases  the  differ- 
ence of  revolution  velocity  in  the  projected  parts  constituting  the 
motive  force  according  to  the  minus  or  plus  velocity  derived  from 
the  revolution. 

j^  In  a  system  of  fluid  of  large  extent  the  momentum  of  revolution 
would  support  its  continuity,  and  smaller  efforts  of  the  forces  derived 
from  equatorial  or  polar  directed  flowing  matter,  would  act  cumula- 
tively upon  the  rotary  system. 

116.  Influences  of  gravitation  in  density  systems  of  fluids. 

a.  The  action  of  heat  upon  water  is  exceptional,  in  increasing  and 
decreasing  its  volume ;  its  greatest  density  being  at  4°  C. ;  the  entire 
range  of  oceanic  temperatures  from  4**  to  43**  C,  increasing  the 
volume  of  pure  water  by  about  y^  part  (•0092)  at  atmospheric  pres- 
sure. From  this  there  is  some  variation  of  which  I  have  no  data 
for  sea  water,  the  greatest  density  of  which  has  been  found  to  be 
about  3*''2  C.  at  atmospheric  pressure.  This  temperature  was 
reasonably  assumed  by  Sir  J.  Herschel  and  others  to  be  the  lowest 
at  the  bottom  of  the  ocean.  The  experiments  in  the  voyage  of  the 
CluUlenger  have  shown  lower  temperatures  to  0°  C,  so  that  if  there 
are  in  these  observations  no  instrumental  errors,  we  must  assume 
that  the  density  of  sea  water  increases  with  loss  of  heat  under 
great  pressure  to  the  freezing-point  of  pure  water;  under  any 
conditions  the  thermal  forces  in  open  water,  by  the  density  and 
mobility  of  this  liquid,  will  produce  thermal  currents,  which  are  also 
made  evident  by  experiments  to  which  I  have  already  referred. 

b.  The  density  of  quiescent  air  and  vapour  resting  upon  the 
globe  is  found  to  vary  inversely  as  the  compression  it  receives,  that 
is,  as  the  mass  resting  directly  above  any  area  according  to  Boyle's 
law;  the  force  of  gravitation  decreasing  also  with  the  altitude.  It  has 
been  computed  that  from  these  causes,  by  the  average  pressure  at . 
sea-level,  half  the  entire  mass  of  aerial  matter  resting  upon  the 
earth  would  be  contained  in  an  average  stratum  of  about  3*4  miles 
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F  there  ^ve^e  a  continuous  ocean  covering  the  entire  area- 
vision  of  the  land  surface  above  the  oceanic  level  this 
ossibly  contained  in  about  y6  miles  above  the  averse 
ll  as  it  exists;  within  this  lower  denser  strata  the  expan- 
Ktractile  forces  of  radiation  and  conduction  of  heat,  and 
Ion  and  condensation,  are  most  active. 
Bion  of  the  sun  in  the  diurnal  revolution  of  the  earth  will, 
luse  the  air  to  expand  and  form  vapour  upon  the  side 
1  upon  which  its  rays  fall,  and  this  expanded,  or  lighter 
fcck  gravitation  equilibrium  with  any  contiguous  more 
r  heavier  fluid.  Now  as  the  globe  is  covered  partly  by 
B>artly  by  land  of  various  inclinations,  in  some  parts  in 
T  flats,  and  in  other  parts  in  mountainous  districts,  the 
lid  contractile  forces  which  are  actively  represented  in 
winds,  will  suffer  considerably  more  resistance  to  grav- 
in  pa.ssing  over  irregularities  of  hill  and  dale  and 
■incd  surface  generally,  than  upon  more  level  plains.  The 
Vid  least  frictional  planes  being  uniformly  those  of  water, 
p  larger  systems  of  aerial  forces  moved  by  thermal  and 
■mpulses  will  seek  the  most  uniformly  level  or  least  fric- 
Is,  which  are  the  large  open  oceanic  areas.  Upon  these 
n  and  proportionally  to  the  general  limits  of  freedom 
istancc  of  land  surface,  there  will  be  established  the 
lid  densest  currents  of  aerial  matter,  which  carry  their 
lo  inland  from  the  liquid  surface  upon  which  they  move. 
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0  the  general  air  space.  This  particularly  applies  to  the  special 
movements  of  the  lower  active  carrying  stratum.  In  this  manner 
every  point  of  land  upon  which  a  wind  is  directed  from  the  sea  is  a 
powerful  supporter  of  a  cone  of  impression. 
/  We  may  further  conceive  upon  the  above  principles,  that  the 
lower  stratum  of  air  will  also  have  a  constant  tendency,  from  its 
superior  density  to  that  above,  to  continue  Iwrizontal  impressions  of 
force  engendered  at  the  oceanic  level,  at  this  lenel  only,  unless  moved 
upwards  or  deflected  by  some  other  exterior  force  which  changes 
its  gravitation  plane  of  motion,  such  as  the  inclination  of  land  sur- 
face, or  the  elastic  reaction  of  compressed  air  in  front  of  a  directly 
resisted  current 

117.  Effects  of  evaporation  and  rainfall  as  gravitation 
systems. 

a.  The  great  heat  of  the  sun's  rays  falling  vertically  over  equatorial 
regions  causing  continual  evaporation  of  the  water  surface,  would 
if  the  water  were  static,  constantly  lower  its  surface  over  these 
regions;  but  as  the  fluidity  of  the  aqueous  system  is  such,  that  equal 
gravitation  surface  is  possibly  very  nearly  maintained,  the  abstrac- 
tion by  evaporation  must  engender  a  certain  constant  force  of  loco- 
motion of  the  liquid  mass  towards  the  areas  of  evaporation,  to  sup- 
ply the  loss  it  occasions.  The  evaporation  over  tropical  areas  being 
constant,  the  air  above  such  areas  can  be  capable  of  maintaining 
only  a  certain  amount  of  vapour  at  the  temperature  it  possesses,  at 
any  time,  until  perfect  saturation.  It  would  therefore  follow  that 
the  vapour  must  be  projected  indefinitely  upwards  to  occupy  space 
perse,  ox  that  it  must  fall  as  rain;  but  as  there  are  always  cooler 
areas  contiguous  to  the  regions  of  most  intense  evaporation,  and 
that  there  are  alternations  of  the  most  intense  evaporation  periods 
from  day  to  day,  and  of  relative  cessation  from  night  to  night,  we 
find  that  by  the  constant  action  of  gravitation,  contra  to  any  possi- 
bility of  unlimited  upward  projection,  that  a  large  portion  of  the 
water  evaporated  falls  as  rain  upon  the  same  or  contiguous  parts 
where  there  is  only  very  slightly  less  heat  force  to  maintain  this 
vapour  tension. 

b.  Under  these  conditions  rainfall  as  superimposed  liquid  on  the 
ocean  represents  at  the  instant  of  its  fall  a  small  directive  force  which 
;uds  the  general  direction  of  forces  of  expansion  by  heat,  to  over- 
fiov  froni  Ae  tropical  area.     This  particularly  occurs  from  the  rain 
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icrc  \vtre  a  continuous  ocean  covering  the  entire  area, 
on  of  the  land  surface  above  the  oceanic  level  this     J 
isibly  contained  in  about  3-6  miles  above  the  average   .  1 
s  it  exists;  within  this  lower  denser  strata  the  expan-     1 
tctile  forces  of  radiation  and  conduction  of  heat,  and 
and  condensation,  are  most  active. 
1  of  the  sun  in  the  diurnal  revolution  of  the  earth  will, 
e  the  air  to  expand  and  form  vapour  upon  the  side 
jon  which  its  rays  fall,  and  this  expanded,  or  lighter 
:  gravitation  equilibrium  with  any  contiguous  more 
leavicr  fluid.     Now  as  the  globe  is  covered  partly  by 
tly  by  land  of  various  inclinations,  in  some  parts  in 
its,  and  in  other  parts  in  mountainous  districts,  the 
contractile  forces  which  are  actively  represented  in 
ids,  will  suffer  considerably  more  resistance  to  grav- 
;  in  passing  over  irregularities  of  hill  and  dale  and 
;d  surface  generally,  than  upon  more  level  plains.   The 
least  frictiona!  planes  being  uniformly  those  of  water, 
irger  systems  of  aerial  forces  moved  by  thermal  and 
lulses  will  seek  the  most  uniformly  level  or  least  fric- 
tvhich  are  the  large  open  oceanic  areas.     Upon  these 
nd  proportionally  to  the  general  limits  of  freedom 
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tion  to  the  general  air  space.  This  particularly  applies  to  the  special 
movements  of  the  lower  active  carrying  stratum.  In  this  manner 
every  point  of  land  upon  which  a  wind  is  directed  from  the  sea  is  a 
powerful  supporter  of  a  cone  of  impression. 

f.  We  may  further  conceive  upon  the  above  principles,  that  the 
lower  stratum  of  air  will  also  have  a  constant  tendency,  from  its 
superior  density  to  that  above,  to  continue  Itorizontal  impressions  of 
force  engendered  at  the  oceanic  level,  at  this  level  only,  unless  moved 
upwards  or  deflected  by  some  other  exterior  force  which  changes 
its  gravitation  plane  of  motion,  such  as  the  inclination  of  land  sur- 
face, or  the  elastic  reaction  of  compressed  air  in  front  of  a  directly 
resisted  current 

117.  Effects  of  evaporation  and  rainfall  as  gravitation 
systems. 

a.  The  great  heat  of  the  sun's  rays  falling  vertically  over  equatorial 
r^ons  causing  continual  evaporation  of  the  water  surface,  would 
if  the  water  were  static,  constantly  lower  its  surface  over  these 
regions;  but  as  the  fluidity  of  the  aqueous  system  is  such,  that  equal 
gravitation  surface  is  possibly  very  nearly  maintained,  the  abstrac- 
tion by  evaporation  must  engender  a  certain  constant  force  of  loco- 
motion of  the  liquid  mass  towards  the  areas  of  evaporation,  to  sup- 
ply the  loss  it  occasions.  The  evaporation  over  tropical  areas  being 
constant,  the  air  above  such  areas  can  be  capable  of  maintaining 
only  a  certain  amount  of  vapour  at  the  temperature  it  possesses,  at 
any  time,  until  perfect  saturation.  It  would  therefore  follow  that 
the  vapour  must  be  projected  indefinitely  upwards  to  occupy  space 
per  se,  or  that  it  must  fall  as  rain ;  but  as  there  are  always  cooler 
areas  contiguous  to  the  r^ions  of  most  intense  evaporation,  and 
that  there  are  alternations  of  the  most  intense  evaporation  periods 
from  day  to  day,  and  of  relative  cessation  from  night  to  night,  we 
find  that  by  the  constant  action  of  gravitation,  contra  to  any  possi- 
bility of  unlimited  upward  projection,  that  a  large  portion  of  the 
water  evaporated  falls  as  rain  upon  the  same  or  contiguous  parts 
where  there  is  only  very  slightly  less  heat  force  to  maintain  this 
vapour  tension. 

b.  Under  these  conditions  rainfall  as  superimposed  liquid  on  the 
ocean  represents  at  the  instant  of  its  fall  a  small  directive  force  which 
aids  the  general  direction  of  forces  of  expansion  by  heat,  to  over- 
flow from  die  tropical  area.     This  particularly  occurs  from  the  rain 
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and  from  its  lacking  salts,  being  thereby  a  lighter    m 
of  tiie  oceanic  surface  upon  which  it  falls.   The  rain- 
reas,  reaching  the  ocean  by'  rivers  and  streams  flow- 
irial  oceans,  represents  also,  by  difference  of  density, 
jectile  force.     This  is  markedly  the  effect  produced 
■  of  the  Amazon  and   Mississippi    rivers   into  the 
itic  system  near  the  equator. 

/   of  oceanic    water  as  influencing   gravitation 

tions  I  have  assumed  for  heat  circulation  are  taken  for 
expanded  in  equal  proportions  for  equal  increments 

timately.     In  sea-water  at  atmospheric  pressure  the 

y  as  before  stated  is  said  to  be  at  about  3°-2  C.  a 
which  open  sea-water  never  appears  to  descend,  the 

;iow  arctic  ice,  which  is  possibly  the  lowest  near  the 

icarly  uniform  at  about  28". 

where  evaporation  is  in  excess  of  precipitation,  as,  for 

regions  of  the  dry  trade-winds,  the  salinity  of  the  sea       . 

greater  at  the  surface;  the  evaporization  being  of  pure      j 

iuch  regions  generally  have  a  clear  atmosphere,  and      i 
equator  the  sun's  direct  radiation  has  greater  power 
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of  changes  of  position  of  density  strata,  being  possibly  as  the  gravi- 
tation forces  into  the  fluid  resistances. 

d.  By  experiments  I  find  that  heated  salt  water  of  less  density  than 
cold  fresh,  or  less  salt  water  will  not  remain  upon  the  surface  of 
the  colder  water,  but  the  surface  water  will  immediately  lose  part 
of  its  temperature  upon  contact  with  the  colder  water  beneath  and 
descend  in  convection  currents,  the  surface  heat  being  diffused 
with  great  rapidity.  This  experiment  I  have  only  tried  roughly  in 
a  tall  beaker  of  cold  water  coloured  with  ink,  and  hot  salt  water 
placed  above  it  coloured  with  milk,  wherein  a  diffusional  system 
was  at  once  established.  By  this  experiment  we  may  assume  that 
where  the  oceanic  surface  becomes  more  salt  from  evaporation  the 
heat  forces  present  will  be  more  quickly  distributed,  and  produce  an 
equable  temperature  to  a  greater  depth.  In  this  case  the  diffusion 
will  only  be  limited  in  diffusional  force  by  the  difference  of  salinity 
falling  off,  when,  by  solution  in  the  descent,  the  density  of  the 
saline  part  becomes  nearly  equal  with  the  lower  gravitation  plane  it 
reaches.  We  may  assume  from  this  reason,  partly,  (I  will  offer  else- 
where more  important  conditions)  that  the  range  of  surface  tem- 
perature for  a  depth  of  about  lOOO  fathoms,  nearly  over  the  evapor- 
ating r^ions  of  the  trade-winds,  is  higher  than  near  the  equator, 
where  there  is  no  excess  of  average  salinity.  The  salinity  in  equa- 
torial r^ons,  where  there  is  greater  evaporation,  being  kept  down 
possibly  by  the  nearly  constant  diurnal  rainfall.  A  greater  depth 
of  warm  water  at  about  20°  north  and  south  latitude  is  observable 
in  the  section  given  by  Dr.  Carpenter  of  the  Atlantic  between  the 
parallels  of  38°  N.  and  38°  S.,  page  11  of  a  paper  read  at  the  Royal 
Institution,  March  20,  1874. 

119.  Reciprocal  Action  of  Air  and  Water  upon  each  other 
in  Horizontal  Movements. 

a.  Air  and  water  as  all  experiments  show  arc  adhesive  to  each 
other.  The  entire  average  atmospheric  pressure  on  any  part  of  the 
globe  represents  an  adhesive  mass  of  about  2000  lbs.  per  square 
foot  Taking  this  as  active  upon  a  large  surface  of  the  ocean  in  its 
continuous  movements,  it  may  be  considered  to  communicate  its 
momentum  to  this  surface  by  adhesion,  so  that  we  find  actually 
in  many  cases,  where  the  directive  forces  in  the  water  are  not 
very  great,  that  the  influence  of  the  wind  directs  the  surface  flow ; 
and  this  may  be  in  opposition  to  the  thermal  effects  of  heat  expan- 
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ion  contractions,  upon  the  aqueous  surface  system,     M 
lonsidered.     On  the  other  hand,  aqueous  projections 
g  force  upon  the  superimposed  aerial  fluid,  so  that 
.erial  fluids  act   reciprocally  upon  each  other.     We 
consider  these  conditions  separately,  although  fluid 
y  conserve  their  energies,  so  that  the  one  force  in 
times,  enters  into  composition  with  the  other. 
e  the  entire  momentum  of  the  air  in  an  extensive 

0  be  equal  to  about  32  feet  of  depth  of  surface  water, 
as  its  superimposed  weight  at  the  surface  of  the 

nsider  both  systems  of  air  and  water  as  adhesive 
with   no  other  resistance  than   the  inertia  of  their 

1  if  the  moving  air  gives  by  a  constant  direction  an 
;  water  as  its  momentum  value,  that  is,  as  its  entire 
e  water  resists  equally  the  momentum  of  the  air,  the 
lent  of  the  liquid  surface  would  be  equal  to  half  this; 
taken  to  move  the  surface  water  to  this  depth  at 
;locity  for  constant  forces,  or  equal  to  half  the  depth 
water  moved;   this   is   entirely  neglecting  the  mass 
ic  water.     In  this  case  it  will  be  readily  seen  that 
anly  be  represented  as  a  surface  force  in  relation  to 
rce  in  the  entire  oceanic  system;  the  thermal  force 
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in  natural  aerial  and  aqueous  systems  of  fluids: — In  the  aerial  we 
can  observe  with  exactness  the  lower  suriace,  living,  as  we  do,  in  this 
stratum;  and  in  the  liquid  the  upper,  in  living  immediately  above 
it  This  must  be  in  every  way  an  advantage  to  us  in  arriving  at  a 
knowledge  of  the  motive  principles  active  in  natural  systems. 
It  also  greatly  increases  our  powers  of  observing  the  separate  con- 
ditions of  fluids,  both  under  restraint,  as  in  the  lower  aerial  surface, 
and  of  relative  freedom,  proportional  to  density,  as  at  the  surface 
of  water;  that  is,  assuming  all  fluids  are  comparable,  and  that  they 
move  upon  like  principles,  irrespectively  of  density,  of  which  I  think 
my  experiments  leave  no  doubt 

g.  In  some  cases,  which  are  quite  common  in  established  cosmical 
currents,  the  contact  of  air  and  water  in  motion  of  terrestrial  dis- 
placement is  quite  frictionless,  from  the  equal  velocities  flnaJly  in- 
duced by  reciprocal  action  of  these  fluids  upon  each  other.  This 
arises  from  the  constant  tendency  of  separate  fluid  forces  to  induce 
equality  of  motive  velocity  and  direction  at  the  plane  of  meeting  of 
two  fluids  moving  against  each  other.  It  is  almost  entirely  from 
this  cause  that  we  observe  in  certain  localities  oceanic  and  aerial 
currents  to  be  persistent  in  one  direction  by  the  constant  action 
of  forces  in  om  of  thejluids,  some  causes  of  which  I  have  already 
discussed.  This  reciprocal  action  may  occur  in  certain  localities  for 
longer  or  shorter  periods.  The  aerial  momentum,  as  that  of  the 
trade-winds,  where  directive  forces  are  powerful  and  constant,  may 
be  assumed  to  act  by  cumulative  eflbrts  upon  the  aqueous  surface, 
until  the  direction  of  the  wind  is  induced  in  the  aqueous  surface.  In 
all  extensive  oceanic  currents,  in  like  manner,  where  these  are  from 
any  cause  the  superior  or  most  constant  forces,  they  cany  onward 
the  gravitating  air  resting  upon  them  into  their  own  directions,  so 
that  the  great  currents  of  air  and  water  upon  the  earth  are  mostly 
nearly  coincident  in  one  direction.  By  the  constancy  of  active  im- 
pulses, derived  from  the  same  set  of  causes,  certain  systems  of 
aerial  currents  become  approximately  flxcd  locally,  over  certain 
liquid  areas.  Such  constant  systems  are  not  often  found  over  land 
areas  unless  the  projection  of  the  aerial  fluids  can  be  clearly  traced 
to  the  continuity  of  momentum  of  motions  induced  on  oceanic  areas; 
or  that  they  are  necessary  as  supply  currents  to  replace  local  projec- 
tions, as,  for  instance,  the  prevalence  of  south-westerly  winds  on 
certain  western  coasts  of  this  country;  these  being  even  much  less 
frequent  at  a  short  distance  inland,  than  on  the  western  coasts 
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nerally,  as  a  principle,  the  land  surface  being  immobile, 
impulses  of  aerial  momentum  are  here  lost  as  cumulative 
spresent  the  effects  of  immediate  causes  only;  whereas 
impulses  of  directive  forces  acting  on  a  mobile  system, 
:er,    act    cumulatively    to    its    directive    energy.       We 
thcr  that  for  the  higher  strata  of  aerial  motions,  the 
aerial  fluid  may  act  as  a  mobile  system  to  this,  and  in 
semble,  as  regards  the  friction  of  resistance,  the  action 
aerial  system  upon  the  oceanic  area, 

■ion  of  the  Subject  to  follow  Natural  Phenomena. 

,v-  be  convenient  to  divide  the  subject  to  investigate  the 
itions   whereby   we    may   be   enabled    to   follow    the 
reviously  offered   into  natural  phenomena.     For  this 

11  take 

ital  Motions  in  Aqueous  Systems. 

ntal  Motions  in  Aerial  Systems. 

I  and  Oblique  Motions  in  Aqueous  Systems. 

1  and  Oblique  Motions  in  Aerial  Systems. 

der  in  this  chapter  that  I  have  sufficiently  discussed  the 

CHAPTER   XI. 

Horizontal  whirl  and  biwhirl  systems  of  motion  ob- 
servable IN  natural  phenomena  in  WATER: — OCEANIC 
AND  FLUVIAL  WHIRL  SYSTEMS. 


ISL  Projection  of  Rivers  into  the  Ocean. 
«.  The  outflow  of  a  river  upon  entering  an  ocean  or  a  lake  may 
"^  taken  as  a  very  definite  form  of  horizontal  projection  for  a  large 
"^assofwater  subject  to  less  interference  than  in  open  currents  gener- 
^'ly.     It  will  therefore  be  convenient  to  consider  this  first.     A  river 
nas   commonly  a  transverse  section  of  less  depth  than  that  which 
^oiald  form  a  complete  half  cylinder  of  projectile  fluid.      Hence 
any  biwhirl  produced  by  this  projection  would   be  formed  upon 
principles  given  in  79  prop.,  where  the  section  of  a  whirl  is  found 
Constantly  to  be  actively  extending  its  radius.   We  can  also  imagine 
'™^t  by  rolling  contact  of  a  stream  upon  its  bed,  the  higher  radii 
^^    motive  forces  in  the  central  or  in  any  deeper  or  more  free  parts 
**f"   the  current,  will  produce  higher  velocity  in  these  parts,  causing 
"^dn  thereby  to  act  as  effective  projectile  forces  to  the  more  quies- 
^^ntor  shallower  spaces  lateral  to  the  current.     In  this  manner  the 
^^ntral  part  will  possess  the  highest  velocity  where  it  enters  an 
**^ean  or  lake,  and  must  therefore  at  this  point  encounter  greater 
•^ead  or  conic  resistance  than  in  the  slower  flowing  lateral  parts ; 
^  that  the  conditions  will  be  such  that  an  entire  biwhirl  motion 
*ill  be  a  general  resultant;  the  whirl  system  in  this  case  flattening 
•tsclf  out,  as  it  were,  to  meet  the  extent  of  free  area  opened  out  to 
>t  4t  the  mouth  of  the  river.     It  will  also  follow,  that  in  the  out- 
flowing of  a  wide  stream,  the  active  tangential  force  upon  the  still 
{        lateral  waters,  within  the  ocean  or  lake,  will  have  a  constant  ten- 
dency to  set  the  quiescent  water  in  horizontal  revolution.    But  if 
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flow  have  considerable  velocity,  it  will  after  a  certain 
direct  force  far  into  the  ocean,  making  rolling  con- 
lateral  whirls  first  formed;  or  if  the  area  be  free 
stance,   it  will   engender  a  more  extensive  biwhirl 
e  of  impression  upon  the  resistance  of  the  static 
only  far  forward.      The  lateral  whirls  so  produced 
extent,  according  to  the  volume  and  velocity  of  the 
d  and  the  quiescence  of  the  lateral  waters.     They 
/e,  include  all  minor  biwhirl  systems  engendered  by 
s,  upon  principles  previously  discussed  for  diffusion, 
n  whatever  cause.     Upon  these  principles  a  stream 
the  ocean  will  at  all  times  represent  a  biwhirl  gener- 
ich  will  be  highly  developed  if  the  stream  possess 
r  great  central  velocity ;  the  whirls  being  also  exten- 
tances  are  slight  or  distant,  as  in  the  projection  of  a 
aight  sloping  coast  in  calm  water, 
ther  observe  that  a  biwhirl  being  a  planic  system  of 
jrojcct  its  force  into  the  ocean  with  very  little  surface 
composition  of  forces;  its  motive  direction  being  hori- 
Iso  tend  to  cahn  the  vertical  motion  of  surface  waves, 
stinct  means  of  indicating  tlte  extent  of  whirl  action       < 
.  surface.     But  the  most  direct  and  certain  means  of 
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same  principles  as  rivers  entering  the  ocean,  but  are  subject  to  more 
interference  from  compositions  with  cross  currents,  undercurrents, 
and  winds. 

122.  Formation  of  Deltas  at  the  Mouths  of  Rivers. 

a.  Upon  the  principles  above  discussed,  as  being  active  in  biwhirl 
systems,  at  the  entrance  of  a  shallow  river  into  the  ocean,  there 
will  under  the  same  conditions  of  conic  resistance  be  formed  for- 
ward an  area  of  quiescent  compression,  upon  the  resistance  of  the 
oceanic  water,  which  will  be  of  such  an  extent  as  to  equilibrate 
the  flowing  force  of  the  river;  this  being  the  condition  shown 
in  y^  prop,  for  a  cone  of  resistance.  Now,  this  being  the  case, 
every  particle  of  solid  matter  brought  down  to  the  ocean  by  the 
river  will  have  its  velocity  retarded  at  some  forward  point  of  resist- 
ance, and  as  a  current  is  found  to  carry  alluvial  matter  nearly  pro- 
portional to  its  velocity,  it  will  occur  that  at  this  point  of  retar- 
dation, portions  of  solid  matter,  that  are  only  held  in  suspension 
by  the  motion  of  the  water,  will  be  deposited.  It  will  be  seen 
further,  that  deposition  taking  place  by  solid  matter  projected  into 
the  cone  of  resistance  in  an  oceanic  area  that  there  becomes 
developed  a  conoid  of  impression  of  the  rigid  kind  shown  65  prop., 
and  as  flowing  forces  are  easily  separated  by  resistance  (75  prop.), 
a  biwhirl  opens  over  the  resistance  formed  by  the  deposited  tertiary 
matter  in  this  conoid. 

A  We  may  further  conceive,  that  after  a  local  biwhirl  system  is 
formed,  every  particle  of  dense  solid  matter  brought  down  by  the 
river  and  deflected  into  lateral  whirl  systems,  will,  by  its  superior 
specific  gravity  to  the  water,  have  also  superior  tangential  force  in 
the  whirl  into  which  it  is  projected ;  that  is,  its  direct  momentum 
will  be  greater  than  that  of  a  less  dense  body,  per  volume,  as  a  part 
of  the  flowing  system.  It  will  therefore  occur  with  tertiary  matter 
carried  by  the  current  that  the  heavier  particles  will  be  ejected 
towards  the  circumference  of  the  whirl  on  all  sides.  Upon  the 
same  principles  also,  any  lighter  floating  particles  will  be  drawn 
inwards  towards  the  centre  of  the  whirl  system. 

e.  It  will  be  clearly  seen  from  the  above  that  the  relative  retarda- 
tion of  the  flowing  forces  and  consequently  the  greatest  resistance  is 
upon  the  vertex  of  the  cone  of  resistance,  which  is  placed  where  the 
stream  possesses  the  highest  velocity,  carrying  therefore  by  this 
Velocity  the  lai^est  amount  of  alluvial  matter.    As  this  vertex  is 
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is  of  deflection  and  that  the  flowing  force  conserves 
although  resisted ;  this  vertex  becomes  the  starting 
Ise  that  acts  motive  to  the  entire  biwhirl  system  so 
cfore  by  this  cause  the  greatest  amount  of  alluvial 

the  cone  of  resistance,  where  the  retardation  of  direct 
i  conservation  of  elastic  force  takes  place.     In  this 
relatively  a  quiescent  space  (70  prop,  e),  a  delta  will 
ily  formed,   which  afterwards  takes  the   place  of  a 
ression  to  tlie  projected  liquid. 

^ntally  I  have  found  it  very  easy  to  form  deltas,  with 
:nts  of  muddy  water  flowing  upon  shallow  still  water. 
:s  the  same  as  those  which  hold  in  natural  pheno- 

0  be  apparent  that  as  soon  as  a  cone  of  resistance  is 
.iviai  matter,  the  matter  as  it  is  deposited  will  react 
n  the  resistance  of  the  cone.  Further,  as  the  action 
i  to  eject  more  solid  matter  by  tangential  force  from 
nay,  by  the  continuity  of  this  action,  form  pools  or     , 

laterally  upon  the  underlying  land  surface,  in  which 
;rwards  rotate  with  less  friction. 

above  principles,  deltas  will  be  formed  by  every  shal- 
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consequently  its  greatest  velocity  at  tlie  most  exterior  or  eccentric 
free  portion  of  the  whirl  system,  that  this  exterior  is  also  the  plane 
of  greatest  resistance  to  the  whirl.  The  induced  velocity  in  the  cen- 
tral part  of  the  system  constantly  eliminates  force  into  the  external 
resistance;  therefore  a  whirl  once  formed  is  also  at  its  complete 
formation  in  a  state  of  dissolution  at  its  exterior  surface,  where 
the  resistance  is  gradually  reacting  upon  the  projectile  force.  It 
thus  occurs  that  a  certain  part  of  the  tangential  force  in  the  whirl 
may,  at  any  open  point  in  its  course,  become  a  current  in  mobile 
lateral  equilibrium,  and  in  this  state  be  split  otf  from  the  whirl 
system  having  tangential  force  left  direct,  for  this  deflection  into 
the  open  fluid.  In  this  case  it  would  in  continuity  of  projection 
immediately  meet  again  head  resistance,  liquid  or  solid,  so  that  it 
would  again  bifurcate  and  form  a  new  biwhirl  system,  upon  prin- 
ciples similar  to  those  discussed  for  diffusion  in  the  ninth  chapter,  so 
that  in  any  case  of  the  entrance  of  a  river  into  the  ocean  on  an 
extensive  plane  of  equal  resistance,  but  not  of  great  depth,  there 
would  be  formed  a  series  of  deltas,  or  at  least  a  series  of  biwhirl 
systems,  which,  if  they  contained  tertiary  matter,  would  develop  into 
deltas. 

k.  If  we  apply  the  same  principles  of  motion  to  larger  systems 
of  oceanic  currents  we  may  imagine  these  to  be  active  in  forming 
land  areas,  which  by  their  pointed  forms  meeting  the  oceanic  cur- 
rents directly,  will  resemble  deltas.  In  this  manner  the  establishment 
of  a  powerful  biwhirl  system  from  any  cause  will  leave  a  delta  of  rota- 
tive repose  where  whirl  forces  are  inactive,  although  they  will  be 
most  active  about  the  outline  of  the  delta  (cone  of  resistance).  I 
think  it  possible  to  this  cause,  and  the  general  influences  of  whirl 
action  that  we  owe  the  pointed  forms  of  continents  and  islands  which 
are  directed  very  generally  towards  such  currents  proceeding  from 
the  more  open  oceanic  areas,  wherein  directive  impulses  are  most 
evident  The  whirl  action  in  these  cases,  tending  by  tangential 
force  in  the  masses  of  oceanic  waters  projected,  to  wash  away  promi- 
nent coasts  that  are  frictional  to  the  whirl  forces,  and  to  deposit  the 
matter  detached  in  exterior  areas  to  the  whirl  system,  where  the 
least  interference  occurs.  Thus  for  instance,  currents  directed  from 
the  Southern  Ocean  would  establish  whirls  upon  any  headland, 
and  these  whirls  when  established,  as  for  instance  in  the  S.  At- 
lantic, Indian,  and  Pacific  oceans  with  free  oceanic  areas  for  projec- 
tion from  the  south,  would  have  a  certain  tendency  to  conic  pointing 
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nts  of  South  America  and  Africa.  In  like  manner, 
currents  directed  northward  by  thermal  causes  in  the 
ind  Bay  of  Bengal,  open  to  the  impulse  of  the  Indian 

tend  to  the  conic  pointing  of  India,  and  the  same 
so  in  Greenland  to  the  Atlantic  currents.  And  gen- 
Ltest  oceanic  area  lying  actually  southward,  the  point- 
jcnerally  in  this  direction  from  the  greater  magnitude 
orces;  the  motive  heat  forces,  summer  and  winter. 
are  proposed,  direct  impulse.  The  obliquity  of  the 
jiving  southern  and  northern  momentum  to  currents  by 
i  would,  also  by  the  differences  of  rotational  velocities 
s  of  the  earth,  give  directive  influences  to  the  current 
)ansions  and  contractions,  and  tend  to  place  the  con- 
d  to  the  currents,  formed  and  directed  from  the  open 
i  pointing  somewhat  zt-cstward,  as  these  westerly  sides 
ticularly  the  whirl  forces.  This  matter  I  will  endea- 
pe  further  in  special  cases ;  the  present  conditions  refer 

I  do  not  claim  for  this  principle  more  than  an  influenc- 
could  scarcely  be  assumed  to  affect  the  contour  of  an 
1  of  rocks  except  in  a  small  degree;  but  if  a  surface 
"  loose  tertiary  matter  and  rising  in  an  oceanic  current, 
ght  be  influential  in  establishing  the  contour  of  such 
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which  will  be  particularly  evident  where  it  passes  over  a  short  dis- 
tance of  flat  country.  In  this  case  also,  not  very  lai^e  impediments 
in  the  central  area  would  support  a  cone  of  impression,  and  at 
this  position  the  stream  would  have  a  strong  tendency  to  bifurcate, 
the  flowing  force  being  thus  deflected,  so  that  a  central  island  would 
be  formed,  on  the  same  principle  as  the  deltas  before  considered,  if 
the  banks  at  this  point  were  not  too  resistant  to  restrain  the  whirl 
force  of  the  biwhirl  present  at  the  point  of  resistance.  On  the  other 
hand,  as  soon  as  the  stream  has  separated  about  the  island,  the 
separate  streams  would  again  form  biwhirl  systems,  whose  tendency 
would  be  to  meet  again  further  down  the  stream  by  the  minus  re- 
sistance towards  its  former  channel.  The  same  principles  will  hold 
for  the  formation  of  an  island  in  an  oceanic  current. 

124.  Conservancy  of  Water  Courses. 

a.  By  the  above  conditions  it  will  be  seen  that  a  river  flowing 
through  a  flat  country  will  have  a  constant  disposition  to  expand, 
and  will  not  cut  out  for  itself  a  central  course  unless  there  arc 
present  some  local  causes,  geological  or  otherwise,  to  produce  this 
effect,  that  is,  as  far  as  the  whirl  system  of  its  motion  directs  its 
waters;  this  point  has  been  already  discussed  91  prop.  But  in  this 
very  same  system  we  find  a  compensation,  in  that  the  higher  central 
velocity  directs  lateral  whirls,  by  which  alluvial  matter,  upon  prin- 
ciples just  discussed,  will  be  carried  towards  the  banks  by  the  force 
of  the  tangential  projection  of  these  whirls.  Further,  the  borders  of 
a  stream  being  relatively  quiescent,  in  proportion  as  the  waters  have 
less  velocity,  alluvial  matter  will  deposit  in  lateral  parts,  and  by  this 
means  conserve  the  central  course  open. 

d.  The  conditions  under  which  a  current  will  be  best  conserved, 
upon  my  theory  of  whirl  force  is  that  in  which  its  bed  is  of  some 
cylindrical  section  not  less  than  half  cylindrical,  except  that  there 
may  be  a  small  function  in  equation  for  gravitation  of  the  water. 
This  will  appear  to  be  the  best  section,  by  the  conditions  of  the 
whirl  ring  cut  in  horizontal  section,  68  prop.,  as  the  whirl  system 
would  then  exist  in  equilibrium,  the  equal  divergency  of  the  water 
in  the  whirl  from  the  central  deflection  impressing  the  same  force 
at  the  bottom  of  the  stream  as  at  the  sides.  The  current  would 
therefore  be  eroded  and  have  alluvial  matter  deposited  equally,  and 
be  thereby  maintained  intact  in  its  form. 

e.  If  tbe  section  of  a  stream  be  shallower  than  a  semicircle  there 
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ant  tendency  to  divide  or  to  deposit  mud  in  the  cen- 

tion  of  the  current  to  one  side  or  the  other,  where  the 
ittains  greatest  tangential  force.     This  may  be  im- 
c  engineering  works  in  the  economy  of  river  embank- 
cylindrical  streams  may  be  formed  of  less  area  than 
conomy  of  construction,  the  best  form  being  at  the 
uired  thereby,  to  keep  a  constant  open  bed  with  the 
n  of  resistance  to  the  free  gravitation -velocity  of  the 
le  same  manner  unrestricted  direct  open  currents  of 
be  also  of  semicylindrical  section. 

Principles  of   Biwhirl   and   ^Vhirl   Motions  in       1 

ents  in  Superficial  Areas,  generally. 
the  most  clear  evidence  of  the  direction  taken  by 
in  fluids,  the  action  of  which,  must  be  as  all  forces 
may  be  found  in  the  great  masses  of  water  free  from 
:ance  of  solids  contained  in  our  oceans,  the  eddies 
be  the  whirls  or  biwhirls  of  the  systems  of  fluid 
cd  in  this  treatise.     I  have  not  used  the  term  eddy  as 
that  of  vortex  motion  previously  discussed,  has  some- 
plied  to  other  forms  of  motion  than  those  I  wish  to 
imc  cases,  where  the  mind  could  only  recognize  con- 
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from  any  cause  is  directed  towards  a  coast;  in  which  case,  the 
coast  will  so  far  resemble  a  delta  that  it  will  support  a  cone  of 
impression,  and  deflect  the  flowing  current  to  the  right  and  left  of 
its  direct  course  by  biwhirl  action.  Even  in  this  case  it  may  seldom 
occur  actually,  through  indentation  of  coast  or  otherwise,  that  the 
current  will  strike  the  coast  directly  normal  to  its  line,  so  that  the 
cone  of  impression  that  may  be  formed  possesses  a  base  symmetri- 
cal to  the  current;  but  more  generally  there  will  be  such  variation 
by  deflection  from  a  right  angle  that  the  resistant  water,  in  front 
of  the  coast,  will  produce  an  irregular  biwhirl,  in  which  one  whirl 
will  largely  predominate  over  the  other. 

c.  In  oceanic  currents  moving  by  rolling  contact  where  the  water 
is  deep,  the  friction  of  surface  motion  is  very  much  less,  perhaps 
nearly  proportional  to  the  depth,  taken  as  a  radius  as  before  pro- 
posed, other  conditions  being  equal ;  therefore  in  deep  water  and 
open  oceanic  space,  larger  areas  of  water  are  relatively  free  to 
form  whirl  systems  by  much  smaller  active  impulses  of  tangential 
force  in  moving  upon  the  inertia  of  lateral  masses.  Further,  oceanic 
S)rstcms  of  motion,  from  the  extent  of  the  masses  Anally  moved  by 
cumulative  efforts,  and  the  momentum  these  masses  afterwards 
carry,  are  very  persistent  in  the  continuity  of  any  system  of  motion 
once  induced.  This  principle  applies  either  to  motions  of  rota- 
tion or  of  translation  in  direct  lines ;  such  motion  being  subject  to 
less  local  change,  when  smaller  forces  are  impressed  at  intervals 
of  time  or  locality;  which  enter  cumulatively  only,  either  as  accel- 
erating or  disturbing  influences,  in  the  general  composition  of  their 
forces  of  established  movements,  which  these  large  masses  of  fluid 
at  the  time  may  possess. 

ei.  If  we  now  consider  some  of  the  great  oceanic  forces  of  the 
globe,  we  have  in  these,  masses  of  many  thousand  miles  of  sur- 
face water  of  great  depth,  moving  with  velocities  of  twenty  or 
more  miles  a  day,  the  momentum  of  which  it  is  almost  impossible 
to  measure.  We  may  nevertheless  take  these  currents  to  represent 
enormous  flowing  forces,  which  we  may  fairly  follow  into  their 
deflections  and  observe  the  effect  produced  on  the  inertia  of  the 
more  quiescent  systems  of  water,  of  equal  or  greater  mass,  placed 
contiguous  to  them.  We  may  take  for  one  instance  of  a  mighty 
current,  the  united  western  equatorial  drift  over  the  North  and 
South  Atlantic  as  a  case  of  the  projection  of  fluid  force  on  a 
very  large  scale,  die  origin  of  which  is  derived  from  thermal  and 
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es  discussed.     This  current  may  be  conceived  to  be 
e  combined  impulses  impressed  by  aerial  and  aqueous 
ogcther  cause  the  projection  of  a  liquid  mass  that 
reater  part  of  a  broad  belt,  very  definable  in  the 
Southern  Atlantic  Oceans,  extending  generally  over 
es  of  latitude,  of  which  the  thermal  equator  in  about 
the  centra!   line.     These  large  currents  meet  only 
n  limit,  leaving  a  medial  band  of  about  5  degrees 
countercurrents,  the  cause  of  which  will   be  here- 
d.     This  entire  united  equatorial  current  in   both 
southern  hemispheres,  although  it  varies  slightly  at 
ns,  we  may  consider  as  a  constant  projection  of  fluid 
ttains    an    approximately   equal   velocity   in    equal 
a  large  part   of  the  extensive  areas   taken.      We 
e  Pacific  Ocean  a  similar  projectile  system  derived 
set  of  causes. 

ng  into  consideration  the  direct  momentum  of  the 
currents,  upon  principles  discussed  in  the  proposi- 
atise,  we  witness  in  these  equatorial  surface  motions, 
ng    forces    moving   tangentially   to    extensive   free 
of  deep  water;  the  efl'ects  of  which,  upon  the  prin- 
motions  discussed,  is  to  engender  rotary  systems. 
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126,  'Whirl  System  of  the  Southern  Atlantic  Ocean. 
a.  Perhaps  the  best  conditions  for  the  development  of  a  complete 
oceanic  whirl,  of  extensive  dimensions,  occur  in  the  Immense  bay,  if 
I  may  so  term  it,  of  the  Southern  Atlantic  Ocean,  which  was  be- 
fore taken  for  demonstration  of  rotational  movements,  115  art  //. 
Here,  between  the  coasts  of  Africa  and  South  America,  the  Inflow- 
ing southern  equatorial  current  is  deflected  and  directed  at  Its 
outset  by  the  Influence  of  the  equatorial  parallel  of  land  reaching 
along  the  coast  of  Africa  from  Fernando  Po  to  Cape  Palmas,  where, 
were  it  not  for  the  resistance  at  the  equator,  caused  by  the  directive 
action  of  thermal  forces,  the  aqueous  force  in  whirl  circulation 
would  take  a  circuit  onward  to  this  coast  and  throw  the  equatorial 
current  in  one  broad  equatorial  band  direct  upon  the  immense 
headland  on  the  South  American  coast,  of  which  Cape  St  Roque 
forms  the  forward  point  of  resistance.  This  is  possibly  the  direc- 
tion taken  by  the  undercurrent,  or  denser  system,  which  derives 
its  force  largely  from  the  impulse  of  the  open  Southern  Ocean, 
to  be  hereafter  discussed.  The  surface  equatorial  current,  which 
follows  directly  the  thermal  effects  in  this  region,  keeps  near  to  the 
equator,  moving  from  east  to  west,  possibly  uniting  the  surface 
currents  with  the  underflowing  whirl  proposed,  so  that  the  entire 
system  projects  its  direct  momentum  upon  the  same  cape  of  St 
Roque  The  united  current  is  here  split  against  the  cone  of  resist- 
ance that  forms  in  the  static  water  in  front  of  the  cape,  and  by 
the  cumulative  compression  of  the  elastic  force  developed  by 
the  resistance,  divides  the  current,  three  hundred  miles  before 
it  reaches  this  headland  of  St  Roque,  40  prop.  </,  The  coast  sup- 
porting a  cone  of  impression,  as  in  the  case  sho^vn  77  prop,  r,  causes 
a  general  bifurcation  of  the  Atlantic  equatorial  current  at  this  cape, 
which  deflects  the  direct  force  of  the  current  north  and  south.  The 
northern  deflection  flowing  along  the  north-eastern  coast  of  South 
America  forming  the  Guiana  coast  current,  and  the  southern  flowing 
along  the  coast  of  Brazil,  forming  the  Brazil  current 

i.  If  we  take  the  southern  equatorial  current  as  it  exists  at  a 
position  of  great  motive  activity,  say  where  it  crosses  the  meridians 
from  10°  to  20°  west;  it  here  forms  a  band  of  nearly  500  geographi- 
cal miles  of  average  width.  If  we  consider  this  as  a  motive  liquid 
moving  at  about  20  miles  per  day,  directed  by  its  westward  drift 
upon  Cape  St  Roque,  it  would  be  clear  that  such  an  immense 
n  could  not  be  brought  entirely  against  this  cape,  or  upon  any 
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lion  we  may  imagine,  directly  in  front  of  it    It  must      ^ 
principles  discussed,  have  the  central  portion  of  the 
;d  over  such  a  conoid  of  impression  in  a  manner  that 
raters  themselves  may  form  the  head  resistance  to 
lowing  parts.     In  this  manner  the  directive  momen- 
rent  by  the  smallness  of  divergence  from  direct  im- 
nakes  upon  the  covering  of  the  cone  of  impression, 
press  it,  will  react  cumulatively  upon  its  velocity,  by 
iteral  compression;  so  that  the  deflected  current  in 
til  tlicse  forces  will  have  its  velocity  increased  there- 
tion,  upon  the  same  conditions  as  those  discussed  for 
1  of  a  pier  of  a  bridge  in  a  running  stream,  39  prop, 
jrrent  we  find,   that  the  velocity  is  most  increased 
ern  side,  from  causes  to  be  hereafter  discussed.    The 
ntic  equatorial  current  as  it  appears  in  the  excellent 
.f  the  world  by  Herman  Berghaus  of  Gotha,  which  I 
in  these  researches,  after  bifurcating  in  the  ocean 
St.  Roque,  talies  a  grand  whirl  over  forty  degrees  of 
he  same  of  longitude  with  a  small  deflection  only  at 
lood  Hope,  returning  to  complete  the  whirl  by  the       1 
back  into  the  equatorial  current  from  which  we  at 
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whose  vertex  is  the  small  island  Fernando  Noronha  which  forms  a 
part  of  a  natural  delta  to  this  current.  Then  the  largest  area  for 
this  southern  whirl,  upon  principles  discussed  82  prop.,  will  be  that 
of  the  greatest  circle  of  equal  resistance.  This  upon  a  map  of  the 
South  Atlantic  may  be  found  to  have  its  centre  in  about  lat  20°  S., 
long.  14'  W.,  but  from  deflection  caused  by  the  great  width  of 
the  equatorial  current,  the  centre  of  inertia  of  the  waters  of  this 
ocean  is  probably  about  33^°  further  south,  or  exactly  upon  the 
tropic  of  Capricorn;  and  by  the  principles  of  its  projection,  if  we 
were  to  stand  at  this  point,  which  should  be  one  of  constant  calm 
as  far  as  oceanic  movement  is  concerned,  then  by  causes  now  given, 
the  water  should  be  moving  in  every  direction  tangentially  to  our 
central  position  from  right  to  left  The  entire  rotation  of  this  ab- 
solute area  being  nevertheless  extremely  slow  near  this  central 
position. 

f.  Although  the  above  may  fairly  represent  the  absolute  conditions, 
we  must  not  lose  sight  of  the  fact  that  the  resistances  about  the  cir- 
cumference of  such  a  gigantic  whirl  as  here  im^ined  are  not  equal. 
Thus  if  we  describe  a  circle  upon  a  globe  from  the  position  given 
above  in  lat  23^^°  S.,  long.  14°  W,,  for  a  centre  and  with  a  radius 
to  scale  of  about  1200  get^raphical  miles  we  shall  be  fairiy  in  the 
current  for  the  entire  northern  half  of  the  circumference;  as  the  re- 
sistances from  the  southern  coast  of  America  from  Pemambuco  to 
Rio  de  Janeiro  will  be  nearly  equal,  and  the  coast  of  Africa  from 
Ichabo  back  into  the  equatorial  current  also.  The  equatorial  cur- 
rent being  assumed  the  motive  force  will  form  of  itself  a  resistance  on 
the  northern  side,  as  in  cases  given  81  prop.  The  resistance  will  also 
be  nearly  equal  upon  the  cone  of  impression  about  St  Roque,  there- 
fore this  part  of  the  circumference  of  the  whirl  will  be  fairly  made 
out  by  surrounding  nearly  equal  resistances.  When  the  whirl  cur- 
rent reaches  Rio  de  Janeiro  there  is  no  cause  for  its  discontinuity 
as  a  revolution  of  a  conoid  of  persistion  (79  prop.),  except  that  we 
have  here  an  area  of  less  lateral  resistance  from  the  greater  distance 
of  land  upon  the  southern  side.  Therefore  a  large  portion  of  the 
tai^ntial  whirl  force  is  released  at  this  point,  and  thrown  into 
the  Southern  Ocean  where  the  resistance  to  its  impulse  deflects  part 
of  its  volume,  as  before  stated,  further  southwards  along  the  coast 
of  South  America,  and  another  part  continues  by  liquid  cohesion 
in  the  induced  rotary  system  of  the  great  whirl  described ;  so  that 
this  litaxX,  althtn^h  weakened,  is  complete  for  another  fourth  part 
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ir  back  to  long.  14°  W.     Here  the  diminished  force 

weakened  whirl  current  is  approaching  the  coast  of 
it  meets  again  an  open  area  to  the  circumference  of 
elation  to  the  distance  from  the  centre  proposed,  in 
ape  of  Good  Hope,  upon  the  African  coast,  which 
ipport  for  another  cone  of  impression,  so  lliat  ^ain 
angential  force  is  split  off,  and  only  a  vestige  of  the 
>ria[  projection  continues  in  the  whirl  system  of  the 
1  of  tlie  South  Atlantic  whirl ;  tliis  part  is,  however. 
ngthened  by  other  causes  yet  to  be  considered 
principles  discussed  the  area  taken  of  the  Southern 
1  form  a  kind  of  basin  surrounded  by  currents  which 
rying  forces,  but  would  all  flow  from  the  position  of 
in  right  to  left     There  would  therefore  be  in  the 
f  this   immense  basin  a  mass  of  water  tliat  would 
;hafed  by  the  tangential  forces  of  the  circumscribing 
I  by  the  natural  cohesion  of  the  liquid  system  must 
ig  the  entire  mass  into  revolution  upon  its  centre  of 
5  prop.,  or  in  some  way  break  off  connection  with  it 
orders  of  the  central  mass  of  the  system.     Further, 
t  resistances  to  the  tangential  force  of  the  moving 
constantly  on  the  circumference  of  the  whirl,  although 
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and  more  exactly  than  elsewhere.  In  this  immense  area  also,  by 
the  irregularities  of  the  bounding  surfaces,  there  are  generally 
interferences  with  the  establishment  of  simple  whirl  systems,  which 
lead  us  to  consider  principles  of  projections  which  are  very  generally 
active  in  other  cases. 

b.  In  the  North  Atlantic  Ocean,  by  the  form  and  position  of  the 
land  of  the  north-eastern  coast  of  South  America,  as  before  stated, 
a  lai^e  part  of  the  southern  equatorial  current  of  surface  force  is 
deflected  into  the  Northern  Atlantic  oceanic  area  as  sho^vn  by  Sir 
John  HerscheL  This  is  probably  necessarily  so  as  the  southern 
area  is  more  aqueous  and  thereby  a  more  free  system  to  maintain 
impressed  force.  The  northward  deflections  of  these  united  surface 
currents  is  no  doubt  correctly  conceived  to  be  one  cause  of  the 
higher  temperature  of  the  northern  hemisphere,  particularly  where 
the  directions  of  whirl  and  tangential  forces  throw  a  large  part  of 
the  surface  water  upon  Western  Europe.  This  communication  from 
South  to  North  Atlantic  produces  a  iongitudinal  aqueous  motive 
system  extending  from  pole  to  pole  by  which  certain  influences  of 
the  S.  Atlantic  Ocean  enter  materially  into  the  northern  system; 
aiding  both  in  strengthening  the  N.  Atlantic  equatorial  whirl, 
and  ultimately  in  producing  deflections  which  are  instrumental  in 
the  formation  of  the  Gulf  Stream.  These  matters  I  will  separately 
consider,  taking  the  conditions  of  the  Great  Northern  Atlantic 
whirl  first 

c.  To  follow  this  matter  into  detail,  as  before  proposed  for  the 
S.  Atlantic  Ocean,  we  find  that  if  we  describe  the  largest  circle 
possible  upon  a  globe  over  the  Northern  Atlantic,  the  centre  of 
such  a  circle  will  be  in  about  the  25th  parallel  of  north  latitude 
and  40°  west  longitude.  If  we  take  a  radius  of  1500  geographical 
miles  to  the  scale  of  the  globe,  the  circle  described  with  this  radius 
would  include  the  northern  equatorial  current  to  the  south,  and 
the  same  circumference  continued  in  a  westerly  direction  would 
touch  a  point  of  land  near  Cayenne  (Salut  Isle)  in  South  America, 
and  continuing  further,  would  include  the  large  islands  eastward  of 
the  Caribbean  Sea  and  onward  still  further,  include  the  island  of 
Bermuda;  it  would  then  skirt  along  the  eastern  coast  of  the  United 
States  of  America,  and  include  the  headland  of  Newfoundland 
about  St  John's ;  crossing  the  ocean  to  the  eastward,  it  would  include 
the  Azores,  Madeira,  and  the  Canaries,  nearly  touching  G.  Canaria, 
and  strike  the  African  continent;  now  following  a  southerly  direction 
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touch  C.  Blanco;  leaving  that  cape,  still  skirting  Uw 
1  include  the  Cape  de  Verde  Isles,  from  which  it  would 
;tarting-point  in  the  northern  equatorial  current,  which 
ncd    to    be   the    motive   system    acting   tangcntially 
t  northern  whirl,     1  may  note  that  the  greatest  circle 
escribed  in  the  Southern  Atlantic  to  include  the  eqoa- 
d  126  art.  £,  to  be  in  laL  20°  S.;  whereas  the  greatest 
intic  circle  is  as  now  shown  in  about  lat  25°  N.     The 
.or  over  the  entire  Atlantic  system  is  possibly  about 
the  terrestrial  equator;  so  that  the  equatorial  thermal 
s  of  the  Northern  and  Southern  Atlantic  great  whirl 
iponds  -with  the  tlurmal  equator;   the  centres  of  the 
ar  spaces  being  equidistant  from  this.    But  the  Guinea 
current,  which  I  have  yet  to  discuss,  possibly  deflects, 
nee  of  this  coast,  the  southern  whirl  further  south  to 
Capricorn.      So  also  the  south-eastern  coast  of  North 
1   the  Gulf  Stream  deflects   the    Nortliem   Atlantic 
irl  further  south,  and  the  active  centre  of  this  great 
ore  possibl}'  upon  the  Tropic  of  Cancer.    The  probable      ' 
hese  centres  being  upon  the  southern  and  northern 
hereafter  discuss, 
umc  this  great  mass  of  circumscribed  water  to  have  a 
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tertiary  matters  would  be  constantly  drifted  by  the  tangential  forces 
exterior  to  the  great  whirl,  and  any  lighter  floating  matter  would 
be  drifted  to  the  interior  area  as  discussed  for  river  whirls.  So  that 
at  the  exterior,  islands  would  be  most  readily  formed  by  local  resist- 
ances, as  local  cones  of  impression  (123  art),  and  in  the  interior  we 
should  have  floating  weeds  as  actually. 

f.  In  the  whole  of  the  above  I  assume  the  circumscribing  resist- 
ances to  be  equal,  so  as  to  produce  a  perfect  whirl  system.  Where  the 
re^stances  are  evidently  unequal  the  whirl  system  will  only  appear 
persistent  proportionally  to  its  freedom  of  area.  But  we  may,  I  think, 
take  the  proposed  conditions  of  the  above  area  to  be  the  establish- 
tnent  o/tnotion  about  the  centre  of  inertia  of  its  greatest  open  liquid 
mass  for  the  N.  Atlantic  Ocean  and  consider  it  subject  to  the 
collateral  forces  that  enter  only  into  composition  with  it.  We  may 
do  this  in  the  same  manner,  for  instance,  as  we  may  assume  the 
moon  to  revolve  by  its  initial  impulse  directed  by  the  earth's  attrac- 
tion in  a  circular  orbit  by  tangential  forces  and  attractions,  quite 
irrespectively  of  the  influence  of  another  attraction,  as  that  of  the 
sun,  or  of  the  eccentricity  of  its  orbit;  which  latter  we  know  are 
forces  that  enter  into  composition,  and  that  modify  the  motive 
directions  of  the  primitive  system  we  assume  first  taken. 

188.  Secondary  whirl  systems  of  the  North  Atlantic. 

a.  We  may  now  follow  the  conditions  of  acceleration  and  of  re- 
»stance  to  the  motive  system,  proposed  above,  for  the  Northern 
Atlantic  Ocean  as  a  whirl  system,  open  on  one  side  and  moving 
upon  its  axis  of  inertia  in  the  greatest  free  area,  or  rather  that  of 
least  friction,  following  the  direction  of  forces  active  upon  it  from 
the  eflfects  of  impulses  moving  directly  and  tangentially,  as  also  of 
other  forces  that  may  act  through  deflection  in  or  from  the  direction 
of  its  rotation  at  any  angle  of  impact.  Further,  considering  that 
such  a  system  of  motion  suffers  resistance  from  the  interferences  of 
all  land  surface,  at  or  near,  its  circumference,  and  also  loss  of  mo- 
mentum by  deflections  from  whirl  circulation  by  tangential  pro- 
jections into  direct  lines,  where  the  tangential  plane  meets  an  area 
of  greater  freedom  to  throw  off  water,  which  formerly  impressed 
its  forces  by  continuity  of  liquid  cohesion  simply,  in  the  unit  whirl 
system  in  its  complete  form. 

b.  To  follow  this  matter  as  it  actually  exists,  it  appears  extremely 
probable  that  if  the  Northern  Atlantic  equatorial  current  alone 
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pon  the  area  that  I  have  jtaken  to  be  circumscribed 
ginary  centre  in  lat.  23j^°  N.,  long.  40°  W.,  and  that 
Ocean  supplied  no  auxiliary  impulse,  then  this  area 
wed   nearly  as  the  Southern  Atlantic  whirl  which  I 
liscussed,  and  instead  of  the  powerful  flowing  force  of 
im,  as  it  is  termed,  being  projected  at  high  velocity 
e  a  whirl  moving  at  a  velocity  that  would  be  only  the 
n  the  united  velocities  of  the  southern  connecting 
that   of  the   Gulf  Stream,     This   would   materially 
rojectile  force  of  the  Gulf  Stream  as  it  now  exists; 
Connecting  Current  gaining,  by  the  greater  impulse 
al  projection  assumed,  exactly  tlie  force  that  we  in 
re  should  lose.                                                                           , 
\v  continue  to  follow  the  northern  deflections  of  the      1 
mtic  equatorial  current,  after  this  current  is  divided      | 
ic  of  resistance,  before  discussed,  about  St  Roque, 
s  ofT  a  considerable  deflection  into  tlie  Northern  At- 
/c  find  this  current,  after  division,  directed  upon  the 
of  the  South  American  continent  at  an  angle  of 
about  25  degrees  to  its  original  projection.     TTiis 
t  forming  the  long  side  of  a  cone  of  solid  resistance 
before  stated,  the  vertex  may  be  represented  by  the 
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local  obstructions  from  irregularities  of  the  coast.  However,  the 
most  important  obstruction  to  the  formation  of  a  perfect  whirl  in 
the  Gulf  of  Mexico,  is  in  that,  where  the  whirl  would  fairly  com- 
plete its  northern  area,  it  is  deflected  inwards  by  the  peninsula  of 
Florida,  and  in  this  deflection  the  current  is  sent  at  a  salient  angle 
upon  the  large  island  of  Cuba,  which  having  a  north-westerly 
directed  coast  causes  the  current  to  at  once  bifurcate  obliquely,  and 
drift  its  largest  volume  at  once  into  the  North  Atlantic  Ocean, 
directly  towards  the  axis  of  the  great  rotary  system  that  I  have 
just  described  as  being  the  established  whirl  of  the  Northern  At- 
lantic oceanic  system,  in  its  greatest  free  area. 

e.  If  we  consider  the  motive  lines  of  one  part  of  the  Southern 
Atlantic  equatorial  current  in  its  northern  deflection,  to  offer  a  plane 
of  resistance  to  the  northern  equatorial  currents,  when  they  come 
in  contact  in  nearing  the  Guiana  coast;  the  northern  equatorial 
current  may  then  be  considered  to  be  active  entirely  upon  the  great 
central  whirl  system  I  have  imagined  about  a  centre  in  lat.  23^°  N. 
long,  40'  W.  This  being  the  case  the  deflected  surface  water  of 
the  south  equatorial  current,  by  the  directions  given  to  it  by  coasts, 
will  crowd  as  it  were  into  the  circumference  of  this  great  whirl 
system,  after  the  Mexican  current  leaves  the  Gulf;  so  that  the 
southern  current  will  strengthen  the  northern  system,  mostly,  where 
it  now  impresses  its  impulses  upon  the  tangential  plane  of  the 
established  whirl  system.  This  impression  will  evidently  occur 
after  the  circuit  of  the  Mexican  Gulf  upon  the  long  extent  of  the 
south-eastern  coast  of  the  United  States  of  America,  where  the 
largest  element  of  the  united  forces  of  both  currents  are  impressed, 
which  here  form  what  is  termed  the  GuJ/  Stream,  whose  force  is 
possibly  derived  principally  from  the  northern  deflection  of  the 
Southern  Atlantic  current 

/.  We  may  take  the  above  probably  as  the  principal  cause  of  the 
Gulf  Stream,  but  there  are  no  doubt  active  minor  impulses  which 
materially  affect  the  general  |result.  Thus  the  great  Atlantic  whirl 
that  I  proposed,  whose  centre  is  in  the  great  Sargasso  Sea,  and 
whose  force  I  have  at  present  only  attributed  to  northern  equa- 
torial currents,  will  be  generally  strengthened  by  all  currents,  and 
by  the  plus  rotational  velocity  of  deflected  currents  proceeding 
from  the  south.  The  northern  equatorial  current  itself  being 
materially  influenced  and  deflected  by  the  resistance  of  Porto  Rico 
and  the  group  of  islands  westward ;  thus  carrying  the  deflection  of 
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along  the  West  Indian  Islands,  to  meet  the  outflow 
■earn  proper;  much  earlier  than  that  just  proposed  for    J 
nt  upon  the  great  central  whirl  system,  whose  drcum-    1 
only  extend  directly  in  this  part  to  Bermuda.                  1 
hat  as  there  must  be  generally  an  approximately  equal 
vitating  fluid,  or  of  force,  in  all  parts  of  a  rotarj'  liquid 

to  be  moderately  frictionless  under  the  action  of 
on  the  globe,  it  is  clear  that  the  volume  of  southern 
■  the  tangential  system  of  the  great  Northern  Atlantic 
)t  do  so  entirely,  although  it  would  act  as  an  impulse 
in  it.     Therefore  the  southern  deflected  current  would 
:hc  established  northern  rotary  system  as  a  hydrostatic 
iwing  the  limits  of  the  current  by  its  impulses,  but 
)y  with  increased  velocity  towards  any  more  free  area 
'hus  a  large  portion  of  the  flowing  force  derived  from 
ystem  that  we  may  assume  acted  at  first  as  a  taJigen- 
:r  the  resistance  of  the  south-eastern  coast  of  North 
:celerate  the  great  N.  Atlantic  whirl,  would  afterwards 
r  tangentially  as  direct   force  as  soon  as   any  free 
relieved   the  hydrostatic  pressure  from  the  circum- 

established  rotary  system, 
icars  to  be  actually  the  case  with  the  Gulf  Stream. 
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tions,  there  are  undercurrents  present,  the  principles  of  which  I 
will  hereafter  consider,  or  any  other  static  water  near,  then  under 
these  conditions,  the  surface  waters  will  have  power  by  their  free 
velocities  to  leave  the  central  system,  their  places  being  supplied 
by  indraught  from  below,  or  within,  to  complete  the  tangential 
whirl  system.  It  is  very  possible  a  case  of  this  kind  occurs  near 
the  western  coast  of  Portugal  which  supports  a  secondary  cone  of 
impression  to  the  easterly  deflected  North  Atlantic  whirl  current  on 
its  northern  side,  so  that  by  this  means  only  a  portion  of  the 
original  rotational  system  continues  in  the  surface  whirl  towards 
the  African  coast,  a  large  portion  of  the  easterly  deflected  current, 
carried  through  the  freer  part  of  this  rotary  system,  being  split  off 
and  deflected  round  the  Bay  of  Biscay,  This  deflected  part  pos- 
ably  bifurcates  again  in  meeting  the  general  north-eastern  drift 
of  the  Gulf  Stream,  with  which  it  again  partially  reunites,  and 
passes  into  the  main  current  skirting  the  British  Isles.  In  its 
further  course,  by  the  continuity  of  whirl  forces,  the  Gulf  current 
as  a  difTusional  system  throws  off  offset  whirls  into  the  English 
Channel,  St  George's  Channel,  and  the  North  Sea;  and  further 
continuing  under  deflection  of  the  resistance  of  the  coast  of  Nor- 
way, directly  into  the  Arctic  circle  in  Barends  Sea,  with  a  whirl 
deflection  into  the  White  Sea,  where  warm  tropical  currents  may 
be  traced  all  the  year  round. 

/  Following  again  the  direct  Atlantic  easterly  drift  at  the  point 
where  it  is  thrown  off  the  rotational  system,  previously  discussed, 
near  Newfoundland,  as  a  great  current  moving  in  its  central  area 
through  a  curve  from  an  eastern  to  a  north-eastern  direction  by  the 
deflections  at  its  borders,  we  find  it  throws  off  whirls  over  every 
free  space  upon  which  the  main  current  moves  in  tangential  con- 
tact Thus  taking  now  the  north-western  side  of  this  great  north- 
easterly current,  or  Gulf  Stream,  and  following  its  course  after  it 
leaves  the  coast  of  Newfoundland,  we  And  it  produces  an  immense 
whirl  between  the  coasts  of  Labrador  and  Greenland;  further  on 
another  to  the  south  of  Iceland,  subject  to  deflection  to  the  north 
of  Iceland;  and  another  under  similar  conditions  on  the  western 
coast  of  Spitzbergen,  and  onward  by  smaller  whirls  to  the  extreme 
open  areas  of  the  Arctic  seas;  where  diffusional  whirls  complete  the 
direct  elements  of  the  surface  projection  from  the  great  tangential 
deflection  of  the  Northern  Atlantic  equatorial  whirl  system. 

k.  By  following  the  principle  of  describing  the  greatest  circles,  and 
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to  oceanic  areas,  as  before,  for  the  great  whirl  of  Nor- 

If  we  again  strike  the  lai^est  circles  that  are  pes-    J 
:Iobe,  in  oceanic  spaces  contiguous  to  this,  in  the  re-    1 

of  the  Northern  Atlantic  upon  principle  discussed  82    ^ 
ntre  of  the  second  large  circle  would  occur  in  the 
icd  at  the  mouth  of  Davis'  Straits,  which  would  have 

about  660  nautical  miles,  its  centre  being  in  laL  55' 
6"  W,    Referring  to  Berghaus'  map,  before  mentioned, 
■  centre  in  !at,  56°  N.,  long.  45"  W.,  but  I  anticipate  this 
be  drawn  inwards  the  amount  shown  in  the  map  by 
of  the  open  oceanic  area  of  Davis'  Straits.      Taking 

tangential  to  this  second  circle  in  the  next  northern 
;  may  be  described  upon  the  globe  in  about  lat.  55°  N., 
'  the  circle  have  a  diameter  of  900  nautical  miles  it  will 

and  Iceland,  and  impinge  upon  the  ice  pack  off  the 
.f  Greenland.   This  circle  would  cut  into  the  circumfer-     . 
t  taken  off  the  Labrador  coast.  Referring  again  to  Berg- 
nd  the  direction  of  current  lines  indicate  such  a  centre, 
le  of  the  north-westerly  directed  current  deflects  this 
vhat  further  westward.     I  might  carry  the  principle 
merely  offer  tlie  above  cases  as  examples  of  a  motive 
lave  already  demonstrated  that  such  systems  may  be 
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circumference,  3S  it  is  in  any  rotary  system  moving  by  radial  velo- 
cities about  a  centre;  the  circumferential  parts  will  always  have  a 
tendency  to  be  thrown  off  tangentially  into  any  area  of  less  resist- 
ance open  to  them ;  or  to  be  deflected  inwards,  into  spiral  systems, 
by  more  rigid  external  resistances,  so  that  spiral  whirls  in  closed 
systems  are  produced  by  exterior  resistances. 

d.  I  have  before  noticed  a  concurrent  condition  which  is  universal, 
that  where  the  tangential  velocity  becomes  small,  which  it  does 
by  gradual  loss  of  projectile  force  before  a  whirl  projection  can  reach 
a  focal  point — that  the  prescribed  area  of  the  interior  of  the  sys- 
tem will  be  in  perfect  calm;  but  if  the  velocity  be  very  great,  and  the 
area  prescribed  by  the  whirl  not  of  great  extent,  then  a  whirlpool 
will  be  formed  which  is  merely  a  tangential  deflection  of  the  gravi- 
tative  liquid  mass  affected  by  the  rotary  force, 

r.  It  is  not  imaginable,  that  such  monster  whirl  systems  as  occur 
in  the  Atlantic  and  Pacific  Oceans,  in  their  greatest  free  areas  north 
and  south  of  the  equator,  could  be  formed  by  any  single  effort  of 
projectile  force  acting  for  a  period  of  time,  such  as  we  may  compara- 
tively employ  to  produce  experimental  whirls,  this  would  be  quite 
impossible.  But  as  the  positions  of  the  liquid  masses  affected  on  the 
globe  remain  in  constant  areas,  and  the  thermal  and  rotational 
forces  continue  constantly  active  as  tangential  forces,  with  small 
variation  of  direction  only  with  changes  of  season,  upon  the  parts 
of  the  same  whirl  systems,  there  must  gradually  be  brought  about 
a  loss  of  resistance  from  inertia  of  the  water  to  the  flowing  tangen- 
tial force  which  establishes  local  whirls.  There  will  also  be  set  up 
secondary  whirl  systems  surrounding  the  lai^er  systems  to  act  as 
friction  savers.  Therefore  the  directions  of  the  forces  and  local 
accommodations  finally  become  permanent  in  the  whirls,  as  local 
systems  of  rotaiy  motion,  and  the  influences  of  such  rotary  systems 
extend  far  beyond,  and  into,  other  regions  distant  from  the  tangen- 
tial currents  by  which  they  were  formed ;  as  shown  by  principles  of 
diffusion  of  whirl  forces,  105  prop. 

d.  In  all  deviations  of  direction  or  deflection  to  form  whirl  sys- 
tems we  must  remember  that  the  whirl  is  formed  by  the  resistance^ 
and  that  this  is  only  the  least  frictional  form  of  motion  to  con- 
tinue a  current  Therefore  if  a  fluid  be  quite  free  and  open  into 
which  another  like  fluid  is  projected,  the  projected  fluid  would, 
after  a  certain  time,  by  forming  systematic  lateral  whirls,  maintain 
a  iXrect  course  so  far  as  it  was  able  to  overcome  fluid  resistances. 


370 


PROPERTIES  AND   MOTIONS   OF   FLUIDS. 


Further,  the  static  form  of  head  resistance  to  a  direct  flowing 
rent,  that  I  term  a  cone  of  impression,  will  be  constantly 
away  by  every  separate  or  continuous  effort  of  direct  projection  u] 
its  vertex,  and  by  tiie  deflections  from  its  sides  {73  prop,  rf);  so  that 
will  be,  as  it  were,  driven  back  into  any  more  free  area,  and  if  tb 
be  a  path  bounded  by  induced  rotary  motions  open  for  continut 
projection,  for  the  lateral  fluid  to  move  in  the  greatest  free  ar 
there  rolling  contact  will  be  ensured,  for  the  projectile  fluid  to 
tinue  its  projection  with  small  resistance,  as  discussed  79  prop. 


€.  The  principles  here  offered  of  oceanic  circulation,  as  cohesi 
liquid  systems,  taking  the  greatest  circular  area  of  projccttoa  in  t 
Nortliern  and  Southern  Atlantic  Oceans,  may  be  represented 
in  the  above  diagram.  The  current  lines  of  which,  by  my  thcofy 
before  discussed,  are  nearly  coincident  with  such  lines  as  are 
ally  projected  on  our  maps.  1  have  observed  that  the 
easterly  directed  superficial  current,  projected  by  the  causes  pi 
posed  in  the  North  Atlantic,  although  deflected  by  tlie  equator 
whirl,  will  be  established  by  iho  constancy  of  the  projection  oft 
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current  so  that  it  throws  off  a  nearly  direct  current  after  leaving  the 
coast  of  Florida,  which  moves  constantly,  as  previously  discussed, 
with  little  variation  over  a  definite  area.  Under  these  conditions 
this  current  will  have  its  centre  constantly  in  the  line  of  /east 
^neral  lateral  resistance,  and  by  this  means  move  almost  directly 
into  the  open  northern  oceanic  area,  establishing  circulatory  sys- 
tems by  leaving  all  lateral  resistances  approximately  equilateral  to 
it;  consistent  with  such  local  rotational  systems  being  established 
in  the  largest  bays  and  most  open  areas. 

f.  It  is  from  the  above  causes,  that  the  north-easterly  directed 
Atlantic  current  by  the  constant  direction  of  its  flow,  and  by  the 
constant  action  of  winds,  which  I  will  hereafter  consider,  reaches  in 
the  early  autumn  far  into  the  open  ocean  to  the  south  of  Novaya 
Zemlya,  and  by  the  same  causes  that  one  winter  isothermal  includes 
the  western  coast  of  Norway  in  the  same  temperature  zone  as  a 
part  of  England.  By  these  principles  it  would  also  be  clear  that  if 
from  any  cause'  this  current  should  have  its  centre  of  equilibrium 
changed,  as  for  Instance,  supposing  the  coast  of  Norway  to  be 
blocked  with  ice  to  the  north,  then  the  current  would  not  be  in  equi- 
librium in  its  present  eastern  position,  impinging  obliquely  on  the 
coast  of  Norway,  upon  which,  under  the  proposed  new  conditions,  it 
could  attain  no  freedom  for  its  deflected  waters,  as  then  the  ele- 
ments of  greater  resistance,  would  by  forming  a  new  whirl,  deflect 
the  axis  of  the  current  far  to  the  north-west  of  its  present  position ; 
so  that  instead  of  whirl  systems  of  very  limited  circumference  im- 
pressing direct  momentum  upon  our  western  coasts  and  inducing 
temperate  climates  from  the  North  Atlantic  Ocean — large  oceanic 
whirls  would  be  formed  in  this  area,  in  front  of  our  coasts,  which 
would  bring  waters  and  winds  after  deflection  from  higher  northern 
latitudes;  so  that  Iceland,  by  such  a  deflection  might  enjoy  the 
temperature  approximately  of  Great  Britain,  this  last  having  its 
temperature  proportionally  reduced,  so  that  our  seas  would  be 
loaded  with  northern  ice. 

g.  I  have  founded  the  above  paragraph  upon  the  conditions  of  the 
open  oceanic  area  to  the  north  of  Europe  being  wholly  or  partially 
dosed,  or  a  more  westerly  one  opened ;  but  at  the  same  time  we 
may  conclude,  that  so  long  as  this  area  is  entirely  oceanic,  the  im- 
putes that  cause  the  northern  current,  and  the  plus  revolution  ve- 
locity that  gives  this  current  an  easterly  drift,  would  at  all  times  tend 
to  open  out  this  oceanic  area,  and  even  to  wear  away  the  north- 
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Is  of  any  land  that  might  oppose  its  direct  impulse; 
local  changes,  as,  for  instance,  an  encroachment  of  the 
n  commonly  rests  to  the  south  of  Bear  Island,  would 
Jen  the  free  area  for  flow  of  superficial  water  round  the 
t  of  Norway,  and  cause  the  biwhirl  that  splits  over 
o  deflect  more  surface  water  northward  into  the  Spitz- 
land  less  towards  the  White  Sea  one,  thereby  changing 
equilibrium  by  throwing  it  somewhat  north-westward, 
I  materially  deteriorate  the  temperature  of  northern 
far  as  our  coasts.    Further,  as  the  constant  impulse 
r  in  this  area  is  nortlurly,  by  thermal  causes,  and 
1  deflection  by  the  plus  revolution  velocity  of  the 
Irs  moving  northwards,  a  resistance  that  by  any  cause, 
pence  of  land,  or  ice  to  the  eastward,  that  overcomes 
Lulse,  leaves  only  the  constant  northern-directed  ther- 
Berived  from  the  original  tropical  expansions  and  polar 
I'hich  would  become,  by  the  eastward  resistance,  nearly 
Bthe  polar  liquid  system  after  a  very  limited  projection. 
:  systems  of  the  earth  maintain  a  nearly  constant 
1th  gravitation  at  all  partsof  its  surface,  the  great  North- 
KnC  or  Gulf  Stream  must  of  necessity  have  an  accom- 
\  countercurrcnt  of  water  directed  back  to  the  area  of 
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130.  \Vhirl  Systems  of  the  Southern  Ocean. 

a.  The  impulses  derived  from  thermal  causes  (112  art.),  by  which 
the  fluids  upon  the  globe  are  displaced  both  north  and  south  in 
composition  with  the  revolution  velocity  of  different  latitudes  (114 
art),  produce  no  doubt  the  greatest  superficial  effects  within  tropical 
areas.  We  find  nevertheless  in  these  areas  by  the  actual  circum- 
stances the  movements  of  oceanic  currents  are  under  a  certain  re- 
straint from  the  situation  of  continents,  the  coasts  of  which  deflect 
the  direct  momentum  of  such  currents,  under  conditions  already 
discussed.  By  this  cause  we  may  imagine  that  the  diurnal  thermal 
impulses  would  be  altogether  more  powerful  if  they  could  act  cumu- 
latively, for  direct  projection  of  the  aqueous  system  in  equal  open 
latitudes,  as,  for  instance,  that  the  tropical  area  were  entirely 
oceanic  This  condition  of  freedom  from  the  interference  of  land 
we  find  nowhere  upon  a  single  parallel  of  latitude  upon  the  surface 
of  the  globe,  except  in  the  Southern  Ocean.  Thus  in  the  distribution 
of  land  in  the  tropical  area  we  witness  three  great  barriers  to  direct 
projection;  those  of  North  and  South  America,  Africa,  and  the 
immense  group  of  large  islands  extending  from  Sumatra  to  New 
Guinea,  forming  the  Malay  Archipelago.  Further,  it  is  not  only 
the  obstructive  positions  of  the  land,  but  the  areas  also,  which  may 
be  roughly  estimated  to  occupy  the  large  extent  of  60  degrees  of 
longitude  in  the  tropical  band,  or  about  one-sixth  of  the  entire  cir- 
cumference of  the  globe,  that  may  be  conceived  to  cut  off  space 
from  the  extent  of  a  comparatively  open  oceanic  circulation. 

b.  In  the  Southern  Ocean,  taking  the  parallel  of  lat.  40°  S.,  we 
find  the  land  ofTering  one  perfect  obstruction  only,  that  of  South 
America,  and  two  imperfect,  those  of  Tasmania  and  New  Zealand. 
These  last,  as  open  islands,  may  be  considered  to  cause  deflections 
of  currents  rather  than  to  form  obstructions.  The  entire  land  area 
in  the  parallel  of  latitude  40°  S.  being  only  in  the  relative  proportion 
of  about  one-twelfth  that  of  the  average  tropical  area,  or  about 
one-seventieth  part  of  the  circumscribing  oceanic  area  in  the  same 
latitude.  If  we  take  a  still  higher  latitude,  say  50°  south,  we 
have  here  only  the  small  interference  of  the  land  about  the  south 
of  Patagonia,  causing  a  deflection  round  Cape  Horn.  So  that 
in  this  latitude  we  may  consider  we  have  the  ocean  nearly  free  to 
the  action  of  rotational  forces,  which  in  one  place  only,  off  Cape 
Horn,  is  restricted  to  so  narrow  a  limit  as  10  degrees  of  latitude 

e.  Now  returning  to  the  conditions  of  thermal  projection  from 


1 

PROPERTIES   AND   MOTIONS  OF   FLUIDS.              xyAH. 

area,  previously  considered,  if  by  equatorial  thermal 
ire  formed  in  all  the  great  southward  oceans,  the  Pacific, 
Indian,  the  southern  sides  of  such  whirls  will  be  placed 
e  area  of  the  Southern  Ocean,  and  it  is  here  as  dis- 
;  South  Atlantic  (i2i  art),  that  the  tangential  forces 
ms  will  be  set  free,  except  inasmuch  as  the  whirls  are 
their  cohesion  and  by  gravltative  forces  as  complete 
stems.  Therefore  we  should  anticipate  that  the  tan- 
)rial  forces  would,  through  the  southern  whirl  systems, 
round  into  the  free  southern  latitudes  of  the  globe,  a 
;  course  would  be  from  west  to  east,  in  all  the  oceans  of 
lieniisphere.  Further,  that  this  current,  acting  cumu- 
ipulses  impressed  through  ages  of  time,  although  by 
f  impression  of  tangential  whirl  forces  it  should  not 
:  velocity,  yet  by  continuity  of  similarly  directed  im- 
le  absence  of  direct  resistances  from  land,  it  would 

immense  volume-force;  so  that  its  momentum  would 
general  system  of  forces  as  a  certain  connecting,  or 
in  the  cosmic  fluid  systems  of  the  globe      This  we 

as  an  active  effect,  although  there  are  no  doubt  other 
■me  of  which  I  will  yet  consider),  which  influence  the 
ion  of  the  currents  formed  in  the  manner  assumed. 
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55  degrees  south  of  the  equator,  or  3300  geographical  miles;  the 
Southern  Pacific  Ocean  eastward  of  this,  taken  at  a  point  central 
to  this  land  resistance,  at  about  mid  distance  from  the  equator  to 
Cape  Horn,  would  be  in  27^°  S.  lat  Here  the  latitudinal  extent  of 
the  Pacific  Ocean  would  be  about  double  the  southern  extension  of 
land,  or  about  6600  miles  from  South  America  to  Australia.  Now 
taking  the  southern  prolongation  of  Africa  from  the  equator  as 
about  34  d^rees,  or  2040  miles;  the  width  of  the  Southern 
Atlantic  at  the  mid  easterly  land  space  17°  S.  lat,  or  from  Port 
Seguro,  South  America,  to  Great  Fish  Bay  in  Africa,  this  is  about 
2900  miles,  which  is  nearer  in  the  proportion  of  2  to  3 ;  but  here  we 
may  imagine  shading  influences  from  the  direct  impulses  of  the 
Southern  Ocean  in  the  great  prolongation  of  South  America  places 
the  circulatory  ^system  of  the  S.  Atlantic  much  further  south,  so 
that  it  more  nearly  corresponds  with  the  tropic  of  Capricorn  where 
the  distance  between  the  continents  of  S.  America  and  Africa  is 
greater.  If  we,  in  conclusion,  consider  the  Malay  Archipelago  in 
its  obstructive  effects  upon  direct  currents  of  the  Southern  Ocean  as 
somewhat  equivalent  to  a  direct  prolongation  of  Asia  into  Australia 
and  measure  this  with  Australia,  as  a  continent,  we  have  about 
38 J  degrees  of  southern  extension  from  the  equator,  or  about  2300 
geographical  miles.  The  average  mid-width  of  the  Indian  Ocean  in 
about  19**  S.  lat,  including  Madagascar,  is  about  4200  miles,  this 
proportion  approaching  more  nearly  to  that  of  the  Pacific,  so  that 
we  may  altogether  assume  that  the  prolongations  of  continents  are 
somewhat  equivalent  in  proportion  to  the  extent  of  the  oceans  to 
the  eastward  of  the  open  Southern  Ocean. 

f.  If  we  take  this  matter  in  another  manner  supposing  the  forma- 
tion of  land  areas  influenced  by  oceanic  whirl  action,  and  describe 
the  greatest  circles  possible  in  the  great  oceanic  areas  open  to  the 
Southern  Ocean,  upon  principles  previously  discussed  for  the  N.  At- 
lantic, 121  art.,  we  could  thus  describe  in  the  Pacific  Ocean  a  circle 
with  a  radius  of  about  3300  geographical  miles  from  a  centre  upon 
the  tropic  of  Capricorn  in  long.  142°  W. ;  starting  upon  the  coast  of 
Patagonia,  this  would  follow  very  approximately  the  entire  western 
coast  of  South  and  North  America  as  far  as  the  north  of  California, 
where  the  coast  strikes  out  a  little  from  our  circle,  this  circle 
continued  through  the  N.  Pacific  would  include  the  Sandwich  Isles, 
which  it  would  pass  about  1 1  d^rees  to  the  northward ;  now  turning 
southward  it  would  touch  the  isles  to  the  east  of  New  Guinea,  which 
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to  the  westward,  and  strike  along  the  eastern  coast 
^ving  New  Zealand  the  only  large  land  area  outsjde 

lie  deep  Antarctic  bay  of  South  Victoria,  where  the 
eet  interference  from  Antarctic  ice,  until  it  again  fol- 
mately  the  same  curvature  in  continuity  past  Graham 
s  to  the  east»-ard   back  to  our  starting-point  near 

in  the  Indian  Ocean  the  same  principle  as  the  above 
:1^  taking  again  a  point  on  the  tropic  of  Capricorn 

^et^raphical  miles.    \Mth  this  radius,  in  describing  a 
ig  the  western  Australian  coast,  it  would  skirt  Suma- 
northward  to  Ceylon,  onward  it  would  include  the 
f  Madagascar ;  and  continuing  south,  leave  Kerguelen       ' 
orthward,  completing  its  curvature  in  the  open  ocean 
Jia,  our  startii^-poinL 

lem  Atlantic  I  ha\-e  already  considered.    The  largest       , 
)cean  could  be  described  again  upon  the  tropic  of       ' 
ibout  loi^.  12'   yy  E.  with  a  radius  of  1400  geo- 
s  the  circumference  of  which  would  follow  very  fairly 
r  land  resistance  in  this  immense  bay. 
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currents  upon  coast  lines.  This  we  may  find  not  only  in  the  delta- 
like pointing  of  continents  towards  the  open  Southern  Ocean  before 
proposed,  but  in  the  circumscribing  forms  of  land  witnessed  in  the 
hollow  eastern  and  western  sides  of  all  continents ;  or  where  such 
hollows  are  not  present  then  by  groups  of  islands  which  complete 
the  like  concave  forms,  or  induce  upon  oceanic  currents  effects 
which  are  equivalent  Further,  it  is  not  at  all  presumable  that  a 
few  millions  of  years  would  produce  the  immense  effects  here  pro- 
posed, but  in  the  infinite  past  there  is  time  enough  for  all  changes. 
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if  causes  are  active  to  produce  constant  effects  all  in  one  direction 
as  proposed.  The  positions  of  land  relative  to  the  extent  of  oceanic 
areas  discussed  above  in  paragraphs/  ^,  //,  and  i,  are  shown  in  the 
above  diagrams,  the  projections  being  sketched  from  the  oceanic 
centres  given  as  the  contiguous  lands  appear  upon  a  globe. 

ISl.  Secondary  biwhirl  systems  in  open  oceans. 

a.  I  have  already  discussed  causes  that  influence  the  shaping  of 
delta-like  continents  by  land  resistance  to  flowing  forces  in  the 
currents  of  the  great  circumscribing  Southern  Ocean  122  art.  h,  the 
principles  of  which  are  further  assured  by  the  evidence  of  actual 
currents  and  the  circular  form  of  southern  equatorial  oceans.  Now 
assuming  these  continental  deltas,  by  reaction,  to  deflect  also  the 
currents  into  whirl  systems  which  are  somewhat  proportional  in 
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the  prolongation  of  the  continent  southward ;  then 
deflections  taking  a  large  element  oC  their  motive 
'  from  the  open  Southern  Ocean,  they  will  project 
pon  the  western  sides  of  such  continents.      In  this 
projections  will  be  easterly  to  the  oceanic  areas, 
s,  if  continued  in  a  complete  circuit,  will  re-enter  the 
n  upon  the  zveslerti  sides  of  the  southern  equatorial 
ch  immense  systems  there  will  be  considerable  cle- 
am  which  will  cause  them  upon  re-entering  to  almost 
t  projections,  so  that  they  will  here  encounter  the 
lie  established  currents  of  the  Southern  Ocean,  and 
isistance,  we  shall  have,  the  conditions  necessary  to 
in  which  there  will  be  formed  a  cone  of  impression 
iistance  of  the   Southern  Ocean.     The  conditions  of 
ng  whirl  currents  are  therefore  somewhat  similar  to 
.  for  the  formation  of  deltas  at  the  mouth  of  a  river 
currents  impress  their  impulses  upon  static  or  other- 
^sisting  open  oceans. 

jme  in  the  manner  just  proposed  that  the  release  of 
es  from  a  whirl  system  before  re-entering  its  original 
nt,  and  meeting  thereby  a  new  resistance,  to  form  a 
sion,  we  may  imagine  that  such  release  of  tangential 
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the  south-western  corner  of  its  whirl  system  in  this  bay ;  and  in  the 
Arabian  Sea,  Socotra  Island.  Thus,  taken  as  a  general  principle. 
the  Southern  Oceanic  areas  have  islands  situated  uniformly  near 
their  south-western  corners,  where  they  re-enter  the  more  open 
oceanic  space  which  I  assume  in  a  certain  way  to  rule  the  direc- 
tions of  their  circulation.  There  will  necessarily  be  influencing 
causes,  not  here  considered,  producing  local  differences  of  which  I 
may  instance  magnitude  only  of  some  of  these  islands.  Thus  we 
should  anticipate  the  Pacific  whirl  system  from  its  magnitude  would 
develope  the  lai^est  cone  of  impression  or  island,  and  impress  its 
force  the  deepest  into  the  Southern  Ocean;  the  Indian  Ocean 
would  develope  the  next  largest  from  the  extent  of  opening  of 
this  area  to  the  Southern  Ocean,  and  we  should  assume  the 
Southern  Atlantic  to  be  a  relatively  cramped  system  in  relation  to 
forces  in  the  Southern  Ocean,  by  the  shading  of  the  direct  impulse 
by  South  America  from  the  full  impulse  of  its  currents,  so  that 
here  we  have  only  the  small  resultant  of  the  Falkland  Isles.  This 
matter  is  otherwise  complicated  with  details  I  cannot  now  follow. 

c,  I  hope  at  some  future  period  to  have  an  opportunity  of  dis- 
cussing volcanic  conditions  from  my  own  point  of  view,  in  which 
volcanic  forces  appear  to  me  to  follow  certain  laws  by  which  the 
system  of  the  globe,  past  and  present,  appears  to  be  entirely  con- 
sistent with  the  distribution  of  land  and  water  upon  its  surface. 
Being  unable  to  discuss  this  matter  in  a  treatise  upon  fluids  I  con- 
sider this  subject  so  far  incomplete. 

18S.  Conditions  of  countercurrents. 

a.  We  may  take  countercurrents  to  represent  the  opposite  sides 
of  whirls  or  of  continuous  series  of  whirls  to  that  from  which  they 
obtain  their  impulsion.  Examples  of  these  countercurrents  are 
found  in  82,  83  props,  for  circulatory  systems,  and  88,  89  for  parallel 
systems.  In  such  systems  there  will  always  be  an  axis  or  axes  of 
inertias  where  the  forces  of  impulsion  and  of  resistance  are  in  equili- 
brium, such  spaces  in  oceanic  systems  being  quiescent 

b.  If,  for  the  sake  of  division  of  active  forces,  we  conceive  the 
intertropical  area  to  be  that  particularly  of  thermal  expansions 
and  greatest  revolution  velocities.  Then  the  circumpolar  areas 
extending  to  the  tropics  may  be  taken  to  be  the  areas  of  active 
contractions  as  they  are  also  those  of  least  revolution  velocity. 
Therefore,  by  causes  previously  discussed  of  the  action  of  thermal 


1 

lOPERTIES   and   motions  of   fluids.               tt*.4t. 

forces,  the  tropics  will  be  as  lineal  axes  of  inertia, 
)ress  it,  so  far  as  the  disposition  or  division  of  active 
ned.     In  this  case,  supposing  a  whirl  system  formed 
ocean,  the  thernnal  surface  forces  moving  into  revolu- 
ould  act  as  a  broad  band  drawn  across  one  side  of  a 
on  its  axis.     The  band  extending  from  its  axle  to 

one  tangential  direction,  the  impulse  of  the  lineal 
band  being  as  the  radial  distances  of  its  parts  from 
e  wheel  (or  whirl), 
robably  from  observation,  as  well  as  from  consistency 

action  of  the  sun's  rays,  and  the  formation  of  the 
axes  of  inertia;  to  the  equatorial  oceanic  systems  in 

placed  directly  upon  the  tropics.     This  is  also  con- 
s  position  being  that  on  which  the  centres  of  the 
:  circles  can  be  drawn  upon  the  globe,  as  described 
-n  equatorial  oceans,   130  art.  /  ^,  /;,  and   for  the 
tic,  127  art.  c.    The  same  principles  hold  also  in  the 
ic,  which  I  have  not  discussed,  but  this  area  meets        | 
ditions  of  an  open  ocean,  in  which  the  equatorial 
ctcd  somewhat  southward  by  the  influence  of  the 
ivhirl;  so  that  the  equatorial  currents  of  the  Pacific 

fall    10  to  :;0  degrees  north  of  the  equator.     The 
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declination;  the  difference  of  thermal  force  acting  in  like  ratio. 
We  have,  therefore,  intertropical  countercurrents  as  we  have  ex- 
tropical  ones,  which  are  active  upon  equatorial  lateral  spaces  of  inter- 
mediate calm.  For  these  there  is  also  the  influence  of  vertical  cir- 
culation which  I  will  subsequently  discuss.  The  areas  of  equatorial 
countercurrents  being  entirely  oceanic  the  conditions  are  much  less 
complicated  than  those  just  taken,  where  we  have  interference  of 
land.  These  currents  form  of  themselves  moderately  parallel  bands 
in  relation  to  the  interspaces  of  ocean  about  the  thermal  equator; 
they  therefore  meet  the  conditions  of  cohesive  parallel  fluid  systems ; 
motive  upon  principles  discussed  in  93  prop.,  which  establishes  the 
necessity  that  to  every  current  there  must  be  a  countercurrent 
This  being  also  dependent  upon  the  conditions  given  88,  89,  and  90 
props.,  and  of  deflected  whirl  systems,  83  prop. 
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CHAPTER    XII. 

IWHIRL    SYSTEMS     IN     HORIZONTAL    AERIAL    CIR- 
-ELLIl'SOIDAL   SYSTEMS   FORMED   BY   COMPOSITION 
VL    FORCES    INTO    SURFACE    REVOLUTION — EQUA- 
D   POLAR   PROJECTIONS. 

conditions.     Flexibility  of  aerial  systems. 
ring  the  conditions  of  liquid  whirl  systems  I  pointed 
systems  of  incompressible  fluid  maintained  circular 

with  considerable  persistence  (arts.  126,  127),  acting 
'  of  their  cohesive  and  elastic  properties  to  conserve 
tion.     In  aerial  systems  the  similar  directive  motive 
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from  symmetrical  circular  whirl  projections,  in  a  highly  frictional 
manner,  and  by  loss  of  directive  momentum. 

b.  The  extent  of  any  rotary  or  whirl  system  in  an  aerial  fluid, 
as  in  an  aqueous  one,  is  derived  from  the  continuity  of  impression 
of  tangential  forces,  and  subject  to  deflections  by  resistances  as 
stated  above,  the  forms  and  dimensions  of  aerial  whirls  or  other 
circulatory  systems,  induced  by  continuity  of  direction  of  aerial 
tangential  currents,  may  be  therefore  materially  different  from  the 
oceanic  systems  upon  which  they  may  repose,  and  from  which,  in 
some  cases,  they  may  derive  their  impulses,  as  the  aerial  currents 
can  evidently  move  over  mixed,  solid,  and  liquid  surfaces  which 
the  aqueous  cannot  The  solid  land  will,  nevertheless,  be  the  most 
frictional  and  resistant,  and  will  generally  engender  secondary 
systems  of  local  whirls  of  smaller  area,  or  diffusional  systems,  by 
the  immediate  action  of  the  resistances,  that  produce  at  the  time 
local  deflections.  Whereas,  over  the  less  frictional  open  oceanic 
areas,  the  aerial  whirls  induced  find  modes  of  accommodation  for 
more  extensive  regular  systems  of  forces  which,  after  establishment, 
have  a  tendency  very  generally  to  circumscribe  the  entire  oceanic 
area,  as  the  plane  of  least  resistance,  if  the  forces  are  in  any  way 
directed  tangentially  to  quiescent  parts,  the  actual  conditions  of 
which,  as  they  occur  upon  the  globe,  I  will  endeavour  hereafter  to 
show. 

c.  By  the  flexibility  of  aerial  systems  they  are  able  to  move  more 
directly  to  the  influences  of  thermal  forces,  in  composition  with 
latitude  velocities,  than  is  possible  in  the  more  cohesive  aqueous 
systems.  Further,  tht  aerial  systems  are  not  circumscribed  any- 
where by  perfect  resistances,  as  we  find  in  the  case  of  the  aqueous 
at  every  coast-line,  therefore  aerial  systems  form  genwaWy  ellipsoidai 
whirls  upon  the  surface  of  the  globe  upon  conditions  discussed,  1 1 5 
art  a. 

194.  lafluences  of  coasts  upon  aerial  systems. 

A  Accepting  the  conclusions  given,  119  art,  for  the  motive  causes 
under  which  horizontal  aerial  currents,  moved  by  the  adhesion  and 
carrying  force  of  the  surface  of  the  ocean,  follow  powerfully  the  direc- 
tions of  oceanic  currents,  as  also  that  the  momentum  and  adhesion 
of  the  air  moved  forcibly  by  exterior  force,  has  a  great  influence  in 
directing  ocean  currents,  these  forces  being  frequently  derived  from 
the  same  set  of  causes,  therefore  consistent,  we  can  imagine  that  in 
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the  density  of  its  lower  stratum,  that  the  same  resis-    1 
and  which  oppose  the  continuity  of  oceanic  currents 
iner,  when  the  land  is  elevated  above  the  oceanic  level, 
lilarly  directed  aerial  currents,  and  deflect  tltcni  also 
ough   not  entirely.      Therefore  aerial    currents   will 
w  certain  conditions  that  I  have  discussed  for  oceanic 
s  is  further  assured  by  the  rationale  of  my  experi- 
ibundantly  show  that  air  and  water  move  in  systems 
ections,  under  like  or  equivalent  resistances  tliat  may 
n  their  masses,  under  all  the  conditions  previously 

e  same  conditions,  the  denser  lower  air  resting  upon 
be  to  the  resistances  of  elevated  surrounding  parts  of 
1  it  were  inclosed  in  a  containing  vessel,  as  discussed 
c  systems  in  the  great  oceans;  and  under  this  con- 
icc  to  the  direct  thermal  and  rotational   influences 
■  circumscribing  equatorial  currents,  will  cause  deflec- 
cvations  of  land   as   previously   shown    for  oceanic 
therefore  by  like  circumstances  most  of  the  conditions 
:ms  must  be  induced,  as  were  discussed  for  aqueous 
ist  chapter,  subject  in  this  case  for  air,  that  the  cir- 
:sistances  cannot  produce  anywhere  fier/irt  resistance, 
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current  inland,  as  before  stated,  and  the  continuity  of  the  backward 
force  of  the  motive  system,  both  aerial  and  liquid,  may  continue  to 
propel  the  air  inland  until  it  encounters  resistance  in  general  equa- 
tion with  the  backward  forces  of  propulsion. 

d.  If  we  imagine  a  motive  system  consisting  of  the  entire  air 
resting  above  an  extensive  liquid,  the  surface  of  which  is  moving  at 
the  same  rate  as  the  air — a  quite  possible  condition — the  air  will 
form  a  gravitating  system  whose  mass  momentum  will  represent, 
as  before  shown,  a  force  of  about  2000  lbs.  per  superficial  foot  over 
the  earth's  surface.  This  moving  mass  may  be  propelled  forward 
by  thermal  or  other  causes  at  20  miles  or  more  per  hour  in  streams 
many  miles  in  width,  and  in  this  manner  represent  a  force  scarcely 
calculable  Such  direct  momentum  induced  in  an  extensive  aerial 
system  cannot  possibly  follow  all  the  minor  surface  motions  of  the 
ocean ;  for  instance,  the  deflections  caused  by  a  rugged  coast,  but 
will  cany  forward  its  direct  impulse  almost  entirely  over  the  coast 
lines,  as  before  stated. 

e.  Where  the  aerial  momentum  carries  the  wind  force  directly 
over  a  coast  afler  the  wind  has  overcome  this  resistance,  it  will  be, 
if  impulsive,  a  free  projection  that  may  be  strengthened  by  the 
following  parts  being  projected  in  like  manner,  or,  if  constant,  it 
may  by  its  direct  momentum  draw  after  it  backward  parts,  as  before 
stated,  so  that  as  a  general  resultant  a  continuous  system  of  motion 
will  be  induced,  by  the  cumulative  action  of  forces  in  local  parts. 
This  will  be  particularly  apparent  near  coasts  where  directive  oceanic 
currents  are  known  to  prevail,  as  for  instance  on  the  western  coasts  of 
Ireland,  to  south-westerly  winds,  which  are  found  to  prevail  inland 
as  well  as  upon  the  coasts. 

130.  Influences  of  aqueous  areas  upon  the  direction  of  aerial 
forces. 

a.  The  reciprocal  action  of  thermal  forces  in  moving  fluids  upon 
the  globe  from  and  towards  the  tropics  and  polar  areas  (112  art,/^) 
will  be  naturally  subject  to  such  resistances  as  may  be  offered  at 
the  surface  of  the  globe.  This  will  be  particularly  evident  in 
aerial  fluids,  which  increase  in  density  in  proportion  to  the  com- 
pression of  air  above  any  stratum,  by  which  half  the  gravitating 
atmosphere  remains  within  3'6  miles  of  sea-level  (art  1 16,  i^,  a  less 
altitude  than  some  of  our  highest  mountains.  Therefore  it  will  be 
quite  clear  that  land,  independently  of  its  irregularity  and  frictional 
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cr  in  many  cases  nearly  absolute  obstruction  to  lower 

urrents. 

own  {arL  112)  that  although  tlie  force  of  expansion 

eat  at  the  tropics  must  be  in  equilibrium  with  the 

iction  by  radiation  in  circumpolar  areas,  particularly 

^r  the  atmosphere  to  remain  at   the  same  average 

the  expansive  force  of  the  tropical  system  will  be 
greatest  penetration  from  its  diurnal  impulsive  charac- 
influt-nce  of  the  revolution  of  the  globe  (i  12  art  A). 
ly  the  conditions  of  fluid  forces  moving  toward  equi- 
h  the  paths  of  least  resistance  only  (art.  112,/).  there 
^  bo  formed  in  every  natural  aerial  system,  through 
es  of  the  surface  of  the  globe,  se(  courses  in  which 
'c  with  the  least  resistance;  and  as  the  parts  of  the 
(ermanent  these  may  be  discoverable  by  observation. 
V  consider  the  uniformly  level  surface  of  the  ocean, 
gether  the  minor  irregularities  of  a  few  feet  in  surface 

this  evidently  a  less  frictional  surface  tlian  the  land 
th  various  inclinations.     Therefore  the  same   land, 
.  the  previous  chapter,  which  offers  perfect  resistance       . 
■rs,  will  offer  partial  resistance  to  motive  air;  and  so       ' 
itance  is  active,  aqueous  and  aerial  systems  moved  by 
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one  direction;  the  Impulse  of  such  currents  as  are  formed  con- 
tinuing active  by  the  momentum  they  carry  over  and  beyond 
frictional  resistances.  In  this  manner  the  superoceanic  currents  at 
all  times  form  the  means  of  supply  of  air  to  polar  areas ;  whereas 
the  return  or  counter  currents,  from  the  oceanic  space  being 
already  occupied  by  the  equatorial  impulsive  projections,  almost 
universally  move  over  the  near  continental  areas.  In  this  manner 
also  the  condensations  of  air  in  winter  over  the  great  continental 
areas  of  radiation,  of  which,  in  the  north,  central  Siberia  forms  the 
centre,  attain  supply  through  the  Atlantic  currents  where  the  at- 
mosphere moves  with  the  greatest  freedom,  therefore  in  the  greatest 
continuity.  And  it  is  to  the  influence  of  the  indraught  of  such 
superoceanic  currents  toward  circumpolar  regions  that  the  tempera- 
ture of  North-western  Europe  is  so  high  at  the  decline  of  the  year. 
Whereas  by  the  same  principles  of  continuity  of  induced  motions 
in  the  directive  momentum  of  the  fluids,  tlie  established  airrmts 
resist  the  return  in  this  same  direction  with  tlu  return  of  spring,  so 
that  the  expansions  by  tlw  sun's  heat  over  the  fonner  areas  of  contrac- 
tion are  with  greater  facility  moved  over  land  areas  where  tliere  is  no 
atrial  direction  in  opposition.  Except  in  the  advanced  spring,  when 
the  northern  thermal  expansions  quite  overpower  all  resistances, 
by  the  increase  of  altitude  of  the  sun,  which  moves  the  air  by 
its  expansion  in  a  south-westerly  direction  over  nearly  all  northern 
areas. 

f.  The  courses  that  aerial  currents  take  are  not  difficult  to  be 
observed,  by  the  condition  of  the  air  at  any  point,  in  the  amount 
of  vapour  the  wind  carries,  as  we  find  such  aerial  currents  moving 
over  the  great  oceans  are  saturated,  or  approximately  so,  by  the 
evaporation  at  the  oceanic  surface,  and  when  drifted  on  land  are 
always  moist,  and  ready  upon  any  decrease  of  temperature  to  pro- 
duce rain  or  snow.  Whereas  currents  deflected  from  circumpolar 
land,  particularly  from  the  higher  latitudes,  after  a  certain  distance 
have  the  moisture  that  they  previously  contained  already  largely 
reduced  by  condensation.  The  direction  of  these  currents  being 
clearly  indicated  by  a  line  of  dry  air  throughout  their  courses  in  the 
whole  area  of  their  return  to  the  equator,  except  within  nearly  the 
extreme  polar  limits. 

g.  The  directions  of  aerial  currents  into  polar  regions  are  equally 
clear  by  the  warmth  they  carry  with  them,  as  also  by  the  volume  of 

■  vapour  under  constant  condensation  in  which  the  vapour  system 
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latent  heat  and  further  warms  the  air  by  its  condensa- 
in  rain,  and  stiU  more  so,  if  condensed  to  snow. 
ibove  conditions  we  may  conceive   the  causes  of  a 

direction  being-  given  to  equatorial  aerial  fluids  into 
lemisphere  over  oceanic  areas;  but  the  resistances  that 

rents  from  polar  areas,  redirecting  them  towards  the 
not  be  so  clearly  defined  locally,  as  these  will  neces- 

land  areas,  assuming  the  oceanic  to  be  occupied  by 
ijections  as  before.     In  this  direction  of  their  course 
3W  the  influences  of  resistances  which  present  to  them 
on  in  such  manner  as  they  may  complete  the  circula- 
continental  area, 
condition  of  equatorial  projections  being  the  ruling 

one  cause  that  is  permanent,  besides  the  diurnal  im- 
ter  of  the  projection,  which  is,  that  the  thermal  equa- 
prcscnts  an  area  of  the  entire  surface  of  the  globe 
tropics;  whereas  the  areas  of  condensation,  that  is, 
as,  arc  relatively  small,  by  the  space  between  any 

constantly  decreasing  from  equator  to  pole,     Thcre- 
1  fluids  directed  to  polar  areas  have  their  amplitudes 
:rictcd  in  such  areas,  and  thereby  produce  a  conden- 
lastic  system,  sufficient  to  form  a  resistance  and  cause 
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ensured  in  that  flowing  fluids  under  resistance  have  in  flowing  in 
one  direction,  power  to  engender  very  frictionless  fonns  of  accom- 
modation to  their  motions  by  whirls,  and  by  the  momentum  of  these 
as  well  as  by  the  currents,  to  offer  considerable  resistance  to  any 
system  of  reversal  of  their  direction  as  before  mentioned,  so  that 
when  these  reversals  are  possible  they  are  generally  brought  about, 
not  by  inducing  at  once  an  opposite  direction,  but  by  some  form  of 
deflection,  by  which  the  induced  motion  continues  its  motive  lines, 
although  through  a  certain  circuit  in  the  fluid  system. 

b.  Upon  the  above  principles,  aerial  and  aqueous  fluids  generally 
have  power  to  maintain  motive  evidences  of  forces  impressed  upon 
them  a  long  period  before,  so  that  they  do  not  readily  come  to  rest 
in  equilibrium  with  the  forces  that  are  immediately  impressed  upon 
them.  This  principle  is  particularly  evident  where  the  motive 
system  and  its  resistance  is  entirely  fluid,  as  in  air  moving  over 
oceanic  surface,  the  eff'ect  of  which  is  observable  in  such  instances 
as  the  maintenance  of  open  polar  oceans  by  currents  whose  tem- 
perature plainly  points  to  a  motive  source  very  distant  in  tropical 
latitudes,  which  continues  active  above  the  resisting  influences  and 
effects  of  seasonal  obliquity. 

c.  Over  land  surfaces,  aerial  currents  present  somewhat  opposite 
conditions,  from  the  effects  of  radiation.  These  surfaces  in  lai^e 
continents  have  a  tendency  by  the  constant  local  intermittent 
efforts  of  expansion  and  contraction  in  the  air,  diurnally  caused  by 
the  alternate  action  of  the  sun's  and  the  earth's  radiation,  to  bring 
about  everywhere  over  continental  areas  where  the  sun's  force  is 
active,  a  state  of  local  equilibrium.  This  principle  of  oscillation  of 
temperatures,  or  of  expansive  forces,  forwards  and  backwards  over 
the  point  of  equilibrium  in  inland  areas,  resembles  the  vibration  that 
we  apply  to  scale  beams,  to  produce  the  equilibrium  of  rest,  when 
such  are  in  motions  of  great  amplitude.  In  like  manner  these 
terrestrial  areas  if  isolated  from  oceanic  influences  rest  diurnally  on 
an  average  in  equilibrium,  in  consonance  approximately  with  the 
sun's  influence  upon  the  surface  exposed  and  the  earth's  radiation. 
The  same  sun's  rays  which  according  to  season  act  obliquely  to  the 
earth's  surface  cover  a  larger  area,  as  before  stated,  in  inverse  pro- 
portion of  the  radius  to  the  sine  of  the  obliquity;  omitting  conditions 
of  differences  of  diathermacy  of  the  air  in  the  obliquity  of  the  ray 
path,  clouds,  and  other  minor  conditions. 

d.  If  we  conceive  the  principles  established,  that  I  have  offered 
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If  expansile  aerial  and  vapour  forces  over  the  equa- 

pnd  contractile  forces  over  polar  regions,  and  of  such 

;ring  counter  currents,  particularly  for  the  return 

r  deprived  of  its  vapour  by  condensations;  we  may 

Jiere  will  be  established  by  cumulative  efforts  of  diurnal 

Influences,  certain  conditions  of  continuity  of  motion 

sible  in  a  circuit,  in  which,  as  before  discussed,  the 

Bill  move  in  the  planes  of  least  resistance,  wherein  the 

r  original  projection  takes  the  area  of  least  resist- 

Btablishment  of  its  currents.    Such  circuits  in  the  isola- 

r  parts  meet  the  conditions  of  whirls  engendered  or 

Bential  forces  of  exterior  currents,  and  where  the  equa- 

Tojection  takes  as  actually  the  oceanic  area  the  part 

:  forms  the  countercurrent  may  become  ncces- 

I  overland.     Further  by  the  continuity  of  the  whirl 

pceanic  surface  the  overland  aerial  current  receives 

(ctivc  impulse  and  becomes  in  certain  cases  as  per- 

/  as  the  oceanic  one. 

bn  of  aerial  forces. 

rial  forces  have  not  sufficient  momentum  to  overcome 

I  in  order  to  form  a  circulatory  whirl  system,   their 
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forces  of  the  sun  and  earth  act  with  greatest  intensity,  producing, 
according  to  the  circumstances,  hot  or  cold  districts. 

c.  This  diffusional  motion  of  air  is  a  very  common  form  of  pro- 
jection for  winds,  even  in  close  areas,  and  is  very  observable  with 
a  little  care  in  many  cases.  From  my  window  as  I  sit  writing 
I  can  observe  a  large  number  of  tall  trees  at  different  distances. 
The  wind,  although  it  is  in  its  general  direction  southerly,  is  veer- 
ing and  backing  most  unequally  as  the  restless  weather-cock  indi- 
cates, so  that  when  distant  trees  are  in  motion,  near  ones  are  quite 
still,  and  vice  versd.  I  can,  even  after  watching  for  a  few  minutes, 
anticipate  which  of  the  trees  will  move  next  One  particular  tree, 
a  young  willow  of  about  40  feet  in  height,  appears  to  be  blown 
periodically  at  intervals  of  about  50  seconds  apart  I  plumb  this 
tree  by  a  blind  line  that  hangs  in  the  centre  of  my  window.  I  find 
that  when  it  is  blown,  it  bends  for  about  12  seconds  to  the  west- 
ward of  south,  then  rests  apparently  quiet  for  about  35  seconds, 
and  then  again  for  about  two  or  three  seconds  it  blows  to  the  east- 
ward of  south;  the  moving  parts  appear  to  describe  ellipses. 

d.  It  is  quite  natural  that  by  feelings  upon  our  small  bodies  we 
should  take  it  for  granted  that  winds  blow  directly,  but  whenever 
the  motion  of  the  wind  is  made  visible  from  any  cause,  as  in  the 
carrying  of  autumn  leaves  or  dust,  it  becomes  at  once  clear  that 
winds  move  very  generally  in  curves,  often  in  very  small  visible 
whirls.  When  such  whirls  have  broken  up  the  aerial  resistance, 
there  will  be  direct  central  currents,  and  the  diffusional  whirls  will 
exist  at  the  front  and  sides  of  such  currents  only.  But  this  principle 
of  motion  will  be  fully  developed  at  every  entering  or  displacing 
aerial  current  where  a  lineal  current  of  projection  is  not  established, 
however  extensive  the  area,  the  whirls  themselves  being  proportional 
to  the  force  of  projection,  although  composed  very  generally  of  an 
almost  infinite  series  of  smaller  internal  whirl  systems  ( 109  re- 
marks, /). 

138.  Comparisons  of  actual  areas  of  resistance  upon  the 
surface  of  the  globe  to  systems  of  aerial  forces. 

a.  Following  the  general  principles  above  discussed,  if  we  take 
tiie  conditions  of  free  oceanic  areas  and  the  forms  of  continents 
that  are  actual  upon  the  surface  of  the  globe,  we  find  that  we  have 
in  the  northern  hemisphere  two  large,  although  unequal  oceanic 
areaa^  which  will  be  the  natural  areas  of  thermal  projection  in  this 
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im  causes  discussed,  offering  the  greatest  fadlity  of 
erial  currents,  that  of  the  North  Pacific  and  that  of 
ntic.    Over  tliese  oceans  inwards  towards  the  thermal 
northern  tropics  we  have  the  inflow  of  the  lower 
in  a  southwesterly  course  in  the  well-known  trade- 
nsiderable  part  of  the  tropical  area,  most  particularly 
n  sides  o(  these  oceans.     This  inflow  from  the  oppo- 
Df  like  inflow  at  the  equator  from  tlie  southern  hemi- 
im  the  excess  of  rotational  velocity  in  the  equatorial 
t.)  deflects  the  inflowing  aerial  currents  to  a  wcsteriy 
we  have  near  each  side  of  the  thermal  equator,  over 
1  of  the  great  northern  oceans,  two  zones  of  nearly 
■n  directed  aerial  drift,  or  easterly  wind,  which  we 
self  to  represent  a  considerable  force  as  active  upon 
rent  contiguous  circumpolar  parts  of  the  aerial  system 

ow  the  general  positions  and  configurations  of  the 
y  act  as  resistances  in  relation  to  the  less  frictlonal 
ireas  of  the  North  Atlantic  and  North  Pacific  oceans        , 
drift  of  the  aerial  currents  considered  above;  we  find 
rial  continental  land  systems  in  opposite  areas  of  the 
sphere,   are   very   approximately   alike   upon    their 
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tion  of  the  land  area  into  the  Sea  of  Okhotsk,  this  direction 
will  be  much  more  nearly  coincident  with  that  of  the  North 
Atlantic  western  coasts,  particularly  if  we  recognize  the  influence 
of  Iceland  upon  the  general  equilibrium  of  land  distribution,  and 
possibly  the  superior  elevation  of  the  interior  of  Greenland.  In 
this  manner  we  may  observe  that  so  far  as  the  land  areas  are 
situated  in  relation  to  equatorial  currents  under  thermal  and  revolu- 
tion influences,  that  the  deflections  of  direct  flowing  aerial  forces 
impinging  upon  these  areas  from  any  cause  will  be  similar  in  the 
Paciflc  and  Atlantic  systems;  and  that  if  the  general  principles  of 
motion  in  the  air  support  a  system  of  equal  deflection  of  impulses 
from  land,  such  a  system  will  divide  the  northern  hemisphere  into 
two  not  very  unequal  aerial  systems  of  projection  and  deflection,  the 
further  conditions  of  which  I  will  presently  consider. 

d.  If  we  examine  the  areas  of  resistance  in  the  southern  hemi- 
sphere we  find  the  land  occupies  much  less  area,  and  that  the 
oceanic  systems  are  divided  into  three  parts  which  are  comparable 
in  magnitude  with  the  northern  oceans,  so  that  by  the  theory  of 
the  ocean  being  less  frictional  to  aerial  motions,  we  should  here  ex- 
pect to  have  three  aerial  whirl  systems  established  which  would  be 
comparable  with  the  northern  systems.  We  have,  however,  in  this 
area  the  Southern  Ocean  uniting  the  whole  liquid  system,  thereby 
rendering  the  general  principles  that  I  shall  endeavour  to  define 
for  the  northern  area,  more  open  to  compensations.  Further,  from 
the  motive  continuity  or  cumulative  action  of  the  aerial  forces  over 
this  lai^er  open  southern  system,  the  whirls  produced  are  more  free 
from  local  resistances,  and  therefore  take  more  nearly  circular  forms. 

e.  To  classify  general  conditions  as  much  as  possible  I  may  observe 
that  the  entire  configuration  of  the  Southern  Atlantic  Ocean  is 
very  comparable  with  the  Northern  in  size  and  form,  and  the  same 
may  be  observed  of  the  Southern  and  Northern  Pacific,  both  oceans 
being  open  to  each  other  at  the  equator;  so  that  if  the  whole  area 
of  the  Indian  Ocean  were  converted  into  land  from  the  equator  to 
the  south  pole,  there  would  be  a  general  equilibrium  in  the  terres- 
trial and  aqueous  systems  of  both  hemispheres;  but  as  it  is  the  Indian 
Ocean  may  be  conceived  to  form  an  exception  to  this  general  con- 
dition of  form,  that  holds  in  the  other  four  great  oceanic  areas. 

/  An  active  division  of  the  Pacific  and  Atlantic  Oceans  equatori- 
ally  may,  in  a  certain  way,  be  assumed  to  be  produced  by  natural 
thermal  eflfects,  together  with  the  action  of  revolutional  velocities 
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It  systems  induced  thereby,  which  render  the  northern 
hemispheres  motively  separate  systems.     There  is, 
/en  in  this  case,  undoubtedly  a  reciprocity  of  action  in 
r  forces  both  in  the  Atlantic  and  Pacific  Oceans  on 
:he  equator,  wherein  we  have  ruling  systems  of  forces 
resistances,  the  particulars  of  which  I  will  now  sep- 

whirl  system  of  the  Northern  Atlantic. 

lection  of  southern  equatorial  oceanic  currents  north- 
essed  the  powerful  directive  influence  of  the  north- 
of  South  America  (127  art.).     This  same  coast-line 
J  especially  adapted  to  defied  an  aerial  current  im- 
t  it,  by  the  position  of  the  land  towards  the  sea,  backed 
ally  by  the  S.  Francisco  range  of  mountains,  which 
■ds  the  sea  near  Aracuti  and  Quinta;  thus  presenting 
sing  front  to  the  continuity  of  the  westerly  impulse 
1  equatorial  aerial  currents.     We  may  assume  a  cone 
to  be  formed  about  the  same  point  of  St  Roque, 
thcrn  equatorial  aerial  currents  possibly  divide,  in  a 
■  to  that  previously  discussed  for  the  aqueous  system. 
n  a  portion  of  the  southern  equatorial  aerial  impulse 
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is  probable,  a  system  of  aerial  deflection  is  formed  which  includes 
currents  within  5000  or  6000  feet  over  the  entire  eastern  parts  of 
North  America,  these  currents  generally  taking  a  somewhat  north- 
easterly direction, 

^.  We  may  also  imagine  as  secondary  to  the  above  system,  and 
independently,  as  it  were,  of  this  great  range  of  total  resistance  by 
mountainous  land,  within  which  half  the  mass  in  altitude  of  the 
moving  atmosphere  present  may  be  deflected  from  its  western  drift 
(1 16  art  d.)  the  lower  strata  of  the  air  encountering  the  considerable 
partial  resistance  by  land  surfaces  in  lower  currents,  from  obstruc- 
tions due  to  the  irregularities  of  inch'nation  of  surface  and  by  local 
resistance  of  rocks,  trees,  and  every  projecting  object  thereon;  by 
the  effects  of  which  it  will  be  seen,  that  it  is  over  the  oceanic  areas 
only,  as  before  stated,  that  we  must  look  for  the  establishment  of 
the  most  constant  lower  currents,  that  are  palpable  to  us  in  our 
position  upon  the  surface  of  the  earth;  and  here  the  condition  of 
aerial  projection  will  naturally  most  nearly  approach  the  direction 
of  the  oceanic  systems  previously  discussed. 

c.  The  continuity  of  induced  motion  being  best  supported  upon 
the  lower  oceanic  surface  where  the  aerial  fluids  are  more  dense, 
t<^ether  with  the  influence  of  motion  of  the  liquid  plane  itself,  on 
which  these  denser  aerial  fluids  rest,  represent  powerful  forces 
relative  to  the  entire  inertia  of  the  mass  of  air  and  vapour  above  to 
deflect  and  project  this  in  the  same  directions  as  previously  pro- 
posed for  the  aqueous  drift.  So  that  it  becomes  probable  that  very 
lai^  elements  of  the  lower  strata  of  western  aerial  drift  follow  closely 
the  oceanic  currents,  making  whirls  of  larger  extent  only  over  the 
near  coasts  by  their  freer  tangential  forces  and  less  perfect  resis- 
tances, there  being  no  perfect  resistance  by  the  coast  to  aerial 
motions.  Therefore  these  lower  currents  from  all  causes  issue  under 
equatorial  deflections  with  a  large  element  of  their  original  momen- 
tum into  northern  areas  approximately  parallel  with,  and  not  far 
from  the  Gulf-stream. 

d.  If  we  assume  the  Gulf-stream  a  starting-point  to  easterly  aerial 
drift  and  continue  the  projection  in  whirls  as  previously  discussed 
for  oceanic  systems  from  this  stream,  we  shall  have  a  general 
flow  of  the  aerial  currents  into  temperate  latitudes  in  a  north- 
easterly direction  tangential  to  the  great  free  oceanic  spaces;  much 
of  the  aerial  directive  impulse  being  derived,  as  before  pointed  out 
for  the  aqueous  system,  directly  front  tJie  minus  surface  revolution 
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ini  causes  discussed,  offering  the  greatest  facility  of 
erial  currents,  that  of  the  North  Pacific  and  that  of 
ntic.    Over  these  oceans  inwards  towards  the  therma! 

northern  tropics  we  have  the  inflow  of  the  lower 

in  a  southwesterly  course  in  the  well-known  trade- 
nsiderable  part  of  tlie  tropical  area,  most  particularly 
n  sides  of  these  oceans.  This  infiow  from  the  oppo- 
af  like  inflow  at  the  equator  from  the  southern  hemi- 
im  the  excess  of  rotational  velocity  in  the  equatorial 
t.)  deflects  the  inflowing  aerial  currents  to  a  westerly 

we  have  near  each  side  of  the  thermal  equator,  over 
1  of  the  great  northern  oceans,  two  zones  of  nearly     ■'  ' 

n  directed  aerial  drift,  or  easterly  wind,  which  we 
:self  to  represent  a  considerable  force  as  active  upon 
:ent  contiguous  circumpolar  parts  of  the  aerial  system 

ow  the  general  positions  and  configurations  of  the 
y  act  as  resistances  in  relation  to  the  less  frictional 
.reas  of  the  North  Atlantic  and  North  Pacific  oceans 
drift  of  the  aerial  currents  considered  above ;  we  find 
rial  continental  land  systems  in  opposite  areas  of  the 
sphere,    are   very   approximately   alike   upon    their 
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tion  of  the  land  area  into  the  Sea  of  Okhotsk,  this  direction 
will  be  much  more  nearly  coincident  with  that  of  the  North 
Atlantic  western  coasts,  particularly  if  we  recc^nize  the  influence 
of  Iceland  upon  the  general  equilibrium  of  land  distribution,  and 
possibly  the  superior  elevation  of  the  interior  of  Greenland.  In 
this  manner  we  may  observe  that  so  far  as  the  land  areas  are 
situated  in  relation  to  equatorial  currents  under  thermal  and  revolu- 
tion inBuences,  that  the  deflections  of  direct  flowing  aerial  forces 
impinging  upon  these  areas  from  any  cause  will  be  similar  in  the 
Pacific  and  Atlantic  systems;  and  that  if  the  general  principles  of 
motion  in  the  air  support  a  system  of  equal  deflection  of  impulses 
from  land,  such  a  system  will  divide  the  northern  hemisphere  into 
two  not  very  unequal  aerial  systems  of  projection  and  deflection,  the 
further  conditions  of  which  I  will  presently  consider. 

d.  If  we  examine  the  areas  of  resistance  in  the  southern  hemi- 
sphere we  find  the  land  occupies  much  less  area,  and  that  the 
oceanic  systems  are  divided  into  three  parts  which  are  comparable 
in  magnitude  with  the  northern  oceans,  so  that  by  the  theory  of 
the  ocean  being  less  frictional  to  aerial  motions,  we  should  here  ex- 
pect to  have  three  aerial  whirl  systems  established  which  would  be 
comparable  with  the  northern  systems.  We  have,  however,  in  this 
area  the  Southern  Ocean  uniting  the  whole  liquid  system,  thereby 
rendering  the  general  principles  that  I  shall  endeavour  to  define 
for  the  northern  area,  more  open  to  compensations.  Further,  from 
the  motive  continuity  or  cumulative  action  of  the  aerial  forces  over 
this  larger  open  southern  system,  the  whirls  produced  are  more  free 
from  local  resistances,  and  therefore  take  more  nearly  circular  forms, 

e.  To  classify  general  conditions  as  much  as  possible  I  may  observe 
that  the  entire  configuration  of  the  Southern  Atlantic  Ocean  is 
very  comparable  with  the  Northern  in  size  and  form,  and  the  same 
may  be  observed  of  the  Southern  and  Northern  Pacific,  both  oceans 
being  open  to  each  other  at  the  equator;  so  that  if  the  whole  area 
of  the  Indian  Ocean  were  converted  into  land  from  the  equator  to 
the  south  pole,  there  would  be  a  general  equilibrium  in  the  terres- 
trial and  aqueous  systems  of  both  hemispheres;  but  as  it  is  the  Indian 
Ocean  may  be  conceived  to  form  an  exception  to  this  general  con- 
dition of  form,  that  holds  in  the  other  four  great  oceanic  areas. 

f.  An  active  division  of  the  Pacific  and  Atlantic  Oceans  equatori- 
ally  may,  in  a  certain  way,  be  assumed  to  be  produced  by  natural 
thermal  effects,  together  with  the  action  of  revoiutional  velocities 
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Atlantic,  it  would  no  doubt  be  more  active  through- 
/ear  in  deflecting  aerial  currents,  if  this  land  were 
that  of  America,  and  were  of  equal  altitude  inland; 
g  an  island,  there  is  less  perfect  or  continuous  resist- 
:ontinuit>'  of  coast-lJnc,  and  it  therefore  acts  with 
brcc    in    deflecting    southern    equatorial    currents, 
is  no  doubt  it  acts  by  its  inclination  to  the  equator 
;r  as  to  direct  some  part  of  the  southern  trade-winds 
lering  thereby  aerial  currents  of  the  northern  hemi- 
ic  influence  of  this  deflection  somewhat   stronger, 
e  northern  Pacific  climate  warmer  than  it  would  be 
other  direction  of  its  northerly  coast-line, 
follow  the  conditions  of  active  equatorial  forces  in 
ea  of  trade-winds  in  the  North  Pacific  Ocean,  we 
e  broad  extent  of  this  ocean,  a  much  larger  area  of 
ction  without  interference  of  land  resistance  than  in 
itic.    We  have  also  in  this  area  similar  conditions  of 
;  Malay  Archipelago  to  those  of  the  Isthmus  of  Pa- 
orth  Atlantic  system,  although  these  resistances  are 
jmplete,  the  sea  being  even  quite  open  in  the  Straits 
hcrcfore  the  general  conditions  of  land  resistance 
its,  altliough  great,  is  less  perfect  here  than  in  the 
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with  nearly  equal  force  in  so  far  as  the  equatorial  impulse  in  their 
currents  is  concerned. 

e.  After  the  North  Pacific  aerial  currents  are  deflected  from  equa- 
torial impulse  by  the  Malay  Arcipelago,  upon  principles  discussed  for 
the  Atlantic  area,  into  the  China  Sea  there  is  a  moderately  friction- 
less  path  open  through  the  seas  of  Japan,  Okhotsk,  and  Behring  Sea 
over  Northern  Alaska  into  the  Arctic  Ocean  by  Melville  Sound, 
returning  to  complete  the  whirl  through  Baffin's  Bay,  Davis  Straits, 
over  the  lower  parts  of  Labrador  and  Canada,  and  back  into  the 
Pacific  equatorial  system,  thus  completing  the  same  form  of  im- 
mense whirl  as  that  proposed  for  the  Atlantic  aerial  system. 

f.  It  appears  to  me  extremely  probable  that  at  some  not  very 
distant  geological  period  the  whole  of  the  Eastern  Archipelago  was 
an  united  system  of  land  offering  perfect  resistance  to  the  impulse 
of  the  western  aqueous  and  aerial  drift  of  the  Pacific  I  conceive 
this  by  the  perfect  systematic  direction  of  the  water-way  between 
Behring's  Sea  and  Davis  Straits,  Under  such  conditions  of  perfect 
resistance,  in  comparison  with  the  Asiatic  continent,  the  aerial  and 
aqueous  deflections  would  be  immensely  greater  than  at  present; 
as  currents  would  follow,  generally,  in  the  direction  just  pointed 
out  instead  of  the  more  cramped  inner  system  of  the  western 
coast  of  North  America.  Under  these  assumed  former  conditions, 
by  the  perfect  deflection  from  the  Western  Pacific,  warm  currents 
would  flow  into  the  Arctic  regions,  an  open  sea  would  be  main- 
tained through  to  Davis  Straits,  and  the  Arctic  islands  of  North 
America,  and  even  part  of  Greenland  would  enjoy  the  temperate 
climate  of  Bear  Island  off  Spitzbei^en,  in  the  Arctic  circle;  where 
cereals  in  favourable  seasons  are  said  to  ripen  grain  on  southern 
slopes. 

141.  Equivalence  of  the  North  Atlantic  and  North  Pacific 
aerial  systems. 

a.  The  deflection  of  aerial  currents  is  evidently,  by  the  condi- 
tions proposed  in  previous  pari^aphs,  under  much  less  restraint 
than  oceanic  deflection,  which  at  every  coast-line  becomes  absolute; 
so  that  we  find  the  aerial  impulse,  although  following  by  prefer- 
ence an  open  oceanic  area,  may  be  continued  beyond  a  coast,  that 
aerial  whirl  systems  generally  will  be  naturally  of  larger  dimensions 
and  may  often  entirely  circumscribe  aqueous  ones.  We  also  find 
that  the  open  area  of  the  ocean,  which  may  present  by  the  direction 
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■s  a  less  frictional  path  for  an  oceanic  whirl,  may  not  be 
na!  for  a  superimposed  aerial  one.if  in  this  there  is  much 
ion  of  direct  momentum.     The  least  frictional  course 
;  will  be  in  preference  by  deflection  to  greater  curva- 
ial  momentum  to  carry  the  wind  over  the  coast-line  as 
md  thus  direct  the  aerial  impulse  inland  as  we  may 
e  to  actually  occur  within  limited   local  conditions 
our  coasts. 

;  whole  of  the  conditions  given  above,  in  the  Northern 
i'acific  aerial  whirls,  which  I  have  taken  for  illustra- 

the  generative  thermal  forces   induce  whirl   forms 
anccs  and  the  necessities  for  a  moderately  friction- 

of  the  equatorial  current,  these  whirls  as  circulatory- 
vertheless  motive  under  the  enormous  restraint  of  the 
'a/ifu^e  ve/odfj;  which  viiTtc5  from  about  1000  miles 
c  equator  to  zero  at  the  poles,  giving  to  the  winds 
Lial   displacement,  possibly   as  Sir  J.   Herschel   has 
.-thirds  of  their  force;  so  that  the  deflected  thermal 
i  northward  is  constantly  gaining  eastward  impulse 
e  motive  surface  of  the  earth,  until  as  before  proposed, 
irly  a  due  east  wind ;  whereas,  by  the  continuity  of  the 
'  forces,  the  northern  orovcriand  supply  current  is  car- 
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turrents  in  the  more  open  oceanic  area  south  of  the  equator.  In 
■  case  these  foci  would  follow  the  influence  of  the  seasonal 
dc  of  the  sun.  I  have  conceived  the  following  diagram  to 
present  the  direction  of  forces  active  in  the  aerial  system  upon 
rindplcs  discussed  for  the  general  direction  of  circumscribing 
reas  in  the  Northern  Atlantic  and  Pacific  systems,  subject  to  local 
::tidns,  from  elevation  of  land,  and  other  conditional  circum- 
i&nccs,  at  about  the  summer  solstice.  In  this  sketch  I  assume  other 
3  may  be  active  or  may  enter  into  composition,  therefore  it  rc- 
rcscnts  only  my  theoretical  ideas  of  cosmical  aerial  motion. 


Tig  1*8.  -  Uiaffini -Tlieii 


c  In  the  above  diagram  the  arrow  with  one  barb  represents  the 
ifluencc  of  primitive  oceanic  whirls,  directing  the  superimposed 
I  systems  by  carrying  force. 

ic  arrow  with  two  barbs  represents  the  vapour  system,  in  its 
t  of  greatest  activity,  falling  generally  somewhat  short  of  the 
projection,   but  subject    to  certain  conditions  of  vertically 
;cd  forces  to  be  hereafter  considered. 

e  feathered  arrows  represent   the  active  c.\tent  of  the  great 
rpcrimposed  aerial  whirl  systems  of  the  Atlantic  and  Pacific  Oceans 
1  circumscribe  Inner  system.^,  although  not  by  definite  lines. 
E  crosses  represent  assumed  foci  of  the  ellipsoidal  whiri  sys- 

(/,  Regions  not  entering  into  the  great  ellipsoidal  whirl  systems 
:  possibly  biwhirls  throw  off  a  portion  of  the  tangential  force 
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from  the  ellipsoidal  systems.     Regions  of  the  origin  of  storms  and 
hurricanes  to  be  hereafter  considered. 

In  making  this  diagram  the  large  group  of  islands  to  the  north 
of  Hudson's  Bay  were  inadvertently  omitted,  as  also  the  arctic  con- 
tinent north  of  N.  Lincoln,  this  omission  will,  however,  in  no  way 
interfere  with  the  plan  of  the  systems  proposed. 

d.  By  observation  of  the  isothermal  lines  given  in  Dr.  A.  K.  John- 
ston's climatological  chart,  the  entrance  of  the  return  path  of  the 
Pacific  whirl,  here  proposed,  would  appear  to  be  in  about  42**  N.  lat 
upon  the  western  coast  of  America,  between  Fort  George  and  Fort 
Ross.  The  oceanic  bifurcation  does  not  occur  until  30**  N.  lat  or  12** 
southward  of  the  first  point.  Winds  deflected  round  the  coast  are 
common  in  about  35°  N.  lat.  They  should  by  my  theory  commence 
in  about  31°  N.,  but  I  anticipate  the  chain  of  the  Rocky  Mountains 
deflects  these  currents  throwing  them  southwards  and  upwards,  the 
same  directive  influence  being  also  produced  by  California  and  the 
Gulf  of  Mexico.  I  have  not  attempted  to  describe  the  exterior 
deflections  of  these  ellipsoidal  systems,  nor  the  filling  in  of  their 
whirl  systems.  It  is  most  probable  that  the  inner  deflections  of  the 
whirls,  as  they  approach  the  foci  indicated  for  each  separate  system, 
would  become  much  more  nearly  circular,  so  that  the  inner  aerial 
system  would  be  inscribed  by  one  that  would  more  nearly  resemble 
the  aqueous;  but  the  whole  discussion  is  merely  intended  to  point 
out  a  principle  of  motion,  that  by  my  theory  would  be  necessarily 
induced,  in  an  expansile  and  contractile  aerial  system,  in  relation 
to  actual  areas  of  friction  and  deflection  under  the  impulses  of 
different  latitude  velocities  of  the  earth ;  as  also  by  the  functions  of 
motive  tangential  forces,  active  upon  lateral  aerial  fluid  masses  upon 
principles  discussed  in  this  treatise,  under  conditions  showing  that 
fluids  cannot  slip  or  glide  upon  each  other  without  immense  friction, 
and  therefore  must,  if  free,  move  by  some  system  of  rotation.  In 
the  advancing  summer,  by  the  expansion  of  air  over  continental 
areas,  the  superoceanic  circulation  is  more  restricted,  and  the 
countercurrents  are  deflected  by  resistance  to  closer  systems, 
returning  in  areas  more  nearly  contiguous  to  their  oceanic  projec- 
tions, some  conditions  of  which  I  will  consider  further  on. 

e.  The  deflection  of  aerial  rotary  systems  immediately  from  the 
equator,  by  reasons  I  will  hereafter  discuss,  will  be  at  a  greater 
elevation  than  the  inflowing  cooler  denser  currents,  so  that  the  plane 
of  the  whirls  will  be  oblique,  as  I  will  hereafter  endeavour  to  show. 
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There  will  be  also  internal  bifurcations;  but  possibly  at  a  few 
thousand  feet  of  elevation,  where  freedom  is  more  equal  throughout 
the  system,  and  where  the  earth's  power  of  condensing  heat  has  less 
influence,  the  currents  will  proceed  in  nearly  horizontal  planes  on 
average  very  nearly  in  the  directions  shown  in  the  engraving,  for  the 
circumscribing  systems.  There  will  necessarily  be  also  northern 
foci  to  the  ellipsoidal  systems,  which  by  the  circuit  of  forces  will 
be  centres  of  relative  repose.  Assuming  no  seasonal  force  changes 
the  position  of  such  foci,  they  would  receive  no  part  of  the  equatorial 
currents,  and  would  therefore  become  very  cold  spots  on  the  sur- 
face of  the  earth,  particularly  as  vapour  condensation  would  be 
absent,  the  vapour  currents  being  drifted  only  round  such  foci  at  a 
distance. 

/.  On  the  other  hand  near  the  equatorial  foci  would  be  areas  of 
intense  heat,  but  these  being  actually  oceanic,  the  heat  would 
largely  disappear  in  vapour  expansions  at  the  liquid  surface;  pro- 
tection from  sun's  direct  rays  being  also  produced  by  the  formation 
of  cloud  above,  therefore  the  heat  effects  would  not  be  measurable 
by  our  thermometers  at  the  surface  of  the  globe,  or  outwardly  in 
any  manner  except  that  it  would  generate  overflowing  vapour 
forces  in  rains  and  storms,  which  would  appear  in  the  near  or  dis- 
tant parts  of  the  rotatorial  system  thrown  tangentially  some  dis- 
tance from  the  relatively  quiescent  foci. 

142.  Indian  oceanic  aerial  system  north  of  the  equator. 

a.  The  portion  of  the  Indian  oceanic  aerial  system  north  of  the 
equator,  will,  on  a  small  scale,  resemble  that  of  the  Pacific  Ocean, 
but  the  former  being  more  directly  under  the  influence  of  land  sur- 
face to  the  north,  will  be  more  particularly  affected  by  the  influence 
of  the  seasonal  obliquity  of  the  earth.  Thus  in  our  summer,  when 
the  sun's  rays  are  nearly  or  quite  vertical  to  the  tropic  of  Cancer,  the 
greatest  heat  will  be  distributed  almost  entirely  over  the  land  areas 
of  Arabia,  India,  and  a  part  of  China ;  at  such  times,  from  the  land 
retaining  the  heat  forces  immediately  at  its  surface,  this  area  be- 
comes as  the  thermal  equatorial  zone  to  the  Indian  oceanic  system. 
Therefore  during  our  summer  the  circulation  of  aerial  currents  in 
the  Indian  Ocean  meet  certain  conditions  of  circulation  in  the 
Southern  Ocean  which  I  have  yet  to  discuss.  But  in  the  southern 
summer  when  the  thermal  equator  of  this  district  is  entirely  over 
the  oceanic  area  to  the  south  of  the  Indian  Ocean,  the  conditions 
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the  North  Pacific  are  more  nearly  coincident,  and 
em  trade-winds  in  tlie  Indian  Ocean  move  over 
s  areas,  with  direct  momentum  upon  the  high  table- 

SomauH,  and  Hadramaut.  Under  these  conditions 
quatorial  currents,  by  inland  resistances,  arc  possibly 
ugh  the  back  of  the  Indian  Peninsula,  by  the  valley 
o  that  of  the  Ganges,  returning  to  the  Indian  Ocean, 
similar  although  closer  whirl  system,  than  that  of  the 
c  or  North  Pacific  Oceans  before  discussed  (140  art.), 
bove  conditions  the  Northern  Hemisphere  possesses 
ulatory  systems  in  the  northern  summer,  those  of  the 
I'acific.  but  in  the  northern  winter,  from  the  movement 
the  thermal  equator  further  south,  the  Indian  oceanic 

becomes  also  one  of  the  northern  systems,  and  it  is 
le  effects  of  this  change  we  owe  some  of  the  stormy 
:crtain  districts  of  India. 

systems  of  the  Southern  Hemisphere. 
mation  will  not  permit  me  to  offer  more  than  a  few 
ipon  this  subject.     But  there  is  no  doubt,  I  think,  that 
lemisphere  being  for  the  mo.st  part  oceanic,  that  the 

reposing   thereon  will   be  more  influenced  by  the 
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the  polar  forces  will  more  largely  prevail  than  these  forces  in  the  north, 
the  equatorial  forces  being  proportionately  less,  as  previously  dis- 
cussed for  oceanic  systems,  1 30  art  a,  b.  In  the  south  also  a  large 
element  of  the  circulatory  aerial  systems  of  the  southern  oceans 
appears  to  be  derived  from  the  Antarctic  drift  due  to  vertical  circu- 
lation, that  I  have  yet  to  discuss,  which  sets  in  especially  upon  the 
western  coasts  of  South  America,  Africa,  and  Australia,  the  aerial 
systems  being  nearly  superimposed  upon  the  oceanic  This 
condition  may  at  least  be  assumed  to  prevail  upon  the  immense 
area  of  the  Pacific  Ocean;  the  thermal  equator  forming  always 
one  limit  of  the  aerial  circulation  where  tangential  forces  are  most 
active  upon  the  system.  These  tangential  forces  also  tend  in  all 
cases  to  throw  the  aerial  fluids  for  some  distance  inland  of  oceanic 
boundaries,  the  evidence  of  which  is  found  in  the  amount  of  rainfall 
and  vapour  near  the  coasts. 

c.  The  South  Atlantic  aerial  system  following  the  impulse  of  the 
southern  equatorial  current  is  possibly  for  the  most  part  deflected 
to  the  northward  past  Cape  St.  Roque,  where  the  oceanic  system 
bifurcates;  the  greatest  aerial  impulse  of  thermal  forces  being 
carried  to  the  westward  as  far  as  the  mouth  of  the  Amazon.  The 
cone  of  resistance  to  this  system  forming  its  base  upon  the  moun- 
tains of  Acarai;  the  southern  tropical  aerial  whirl  being  thrown 
along  the  valley  of  the  Amazon,  to  the  east  of  Sierra  Nevada  into 
the  valley  of  La  Plata,  completing  an  ellipsoidal  course  in  the  south 
Atlantic  as  far  as  the  40th  parallel,  by  again  turning  inward  to  the 
Cape  of  Good  Hope,  in  every  way  similar  to  the  ellipsoidal  systems 
discussed  for  northern  areas,  although  not  of  equal  extent  The 
whirl  gaining  force  from  the  open  currents  of  the  Southern  Ocean 
by  forming  a  projection  similar  to  the  oceanic 

d.  The  Indian  superoceanic  aerial  system  is  much  more  compli- 
cated by  the  mountainous  interior  of  Africa  lying  between  30°  and  40° 
W.  long.,  but  here  there  is  evidence  of  the  influence  of  the  tropical 
impulse  over  the  less  frictional  area  of  the  Indian  Ocean  upon  the 
mountainous  interior  which  deflects  the  vaporous  air  to  form  the 
immense  lakes  of  Albert  Nyanza,  Victoria  Nyanza,  Tanganyika, 
and  Nyassa,  in  continuing,  as  before,  an  ellipsoidal  system  which 
completes  its  circumference  in  the  Indian  Ocean  and  the  western 
coast  of  Australia  back  into  the  equatorial  zone. 

t.  In  assuming  the  deflections  of  tropical  aerial  western  drift 
to  be  caused  by  the  elevated  lands  of  Central,  North,  and  South 
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'  west  of  the  thermal  zone,  we  witness  by  biwhirl  deflec* 

)nditions  in  the  fluviatilc  system  on  both  sides  of  this 
lius  the  Amazon  passing  with  its  immense  valley  to 
Duth  America  in  a  south-easterly  course  meeting  the 
'lata  whose  direction  is  south-easterly,  resembles  the 
it  continues  in  the  Missouri  in  a  north-westerly 
west  of  North  America,  meeting  Hudson's  Bay  and 
rth-easterly  direction,  or  in  taking  a  nearer  circuit  in 
i  proper  into  the  valley  of  the  St.  Lawrence.     These 

I  conceive  evidently  indicate  the  courses  of  vapor- 

from  tropical  impulses. 

possibly  be  imagined  that  if  such  systems  as  those 
e  were  entirely  cut  off  from  further  volcanic  influences. 
nensity  of  time  by  erosion  from  rainfall,  the  eastern 

of  both  North  and  South  America  might  be  detached 
ich  would  then  find  equivalence  in  the  present  con- 
.ua,  and  the  Japan  islands  in  the  Pacific  system,  and 
r  in  the  Indian  oceanic  system.  Under  such  condi- 
mus  of  Panama  receiving  a  more  powerful  impulse 
e  open  equatorial  oceanic  and  aerial  currents  would 
.sted  away,  and  conditions  similar  to  tliosewe  witness 
.  Archipelago  be  established. 

COMPLEMENTARY   AERIAL   SYSTEMS. 


under  very  exceptional  internal  geographical  circumstances  not  here 
considered. 


144.  Whirl  areas  complementary  to  the  Ellipsoidal  aerial 
systems  of  the  northern  hemisphere. 

a.  If  we  take  the  two  great  aerial  systems  proposed,  of  which  the 
diagram.  Fig.  i68,  is  an  illustration.  There  will  be  seen  interven- 
ing spaces  westward  of  the  equatorial  foci  of  greatest  activity  of 
these  systems  just  exterior  to  the  tropics;  and  as  the  motive  fluids 
in  these  regions  present  frictional  surfaces  by  difference  of  velocity 
of  parts,  they  must  find  accommodation  for  such  motions  as  in 
other  cases  considered,  and  systems  of  direction  of  forces  must  be 
established  here  as  elsewhere.  These  spaces  are  shown  at  a,  a'  on 
the  diagram  (Fig.  i68),  proposed  to  illustrate  the  summer  condition 
in  this  hemisphere.  It  is  most  probable  that  the  interspaces  between 
the  great  Atlantic  and  Pacific  systems  are  filled  up  by  large  offset 
variable  whids  projected  from  the  return  side  of  the  great  ellipsoidal 
systems.  If  we  take  the  interspace  system  marked  a  shown  in  the 
centre  of  the  diagram  (Fig.  i68),  we  find  from  this,  that  the  Pacific 
whirl  after  crossing  North  America  meets  and  compounds  with  a 
like  whirl  from  the  Atlantic  system,  the  direction  of  curvatures  of 
the  spirals  formed  being  alike  in  both  cases.  This  whirl  system 
may  be  as  shown  in  the  diagram  below,  which  is  intended  to  re- 
present, in  principle,  the  meeting  of  the  ellipsoidal  systems  about  the 
Gulf  of  Mexico  drawn  south  upwards. 


Fig.  1 6^ — Diagram— I 


d.  In  this  diagram  the  Atlantic  whirl  system  is  shown  to  the  left 
of  the  Fig.  at  Y,  and  a  part  of  the  Pacific  return  whirl  system  at  the 
lower  corner  to  the  right  about  Z.  The  part  of  this  return  whirl 
shown  at  A,  has  its  tangential  force  partially  released,  which  causes 
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c  and  throw  off  a  whirl  in  the  interspace  of  the  great    j 

-items  about  this  part  which  acts  as  the  cone  of  impres-  A 
biwhirl  by  the  resistance  of  the  inertia  of  compresscd^B 
in  front;  this  point  A,  by  conditions  here  given  IB^'^^ 
of  any  rotary  system.     The  biwhirl  deflections  arc     ' 
A   to   B  and   onwards   to   C,  where  the   tangential 
Atlantic  ellipsoidal  system  unite  and  form  another 
lown  at  the  bottom  of  the  figure  at  X.     The  cllip- 
tions  move  as  here  proposed  at  their  circumference  by 
ling   contact  upon   the  contiguous  parts,  such  whirls 
by  deflection  the  interspace  between  the  Pacific  and 
rl  systems.     In  drawing  this  whirl  on  wood  which  I 
y  as  a  diagram,  I   neglected  the  evident  influence  of 
he  globe  upon  its  system.      It  should  really  take  a 
iquity  in  a  direction  parallel  to  the  great  ellipsoidal 
here  should  be  a  secondary  biwhirl  to  the  right  of  the 
11   this  case  the  Atlantic  whirl  system  would  extend 
he  Gulf  of  Mexico,  entering  the  land  near  the  mouth 
;ippi  river.    From  the  Pacific  coast  current,  represented 
>f  the  figure,  being  subject  to  difl"usional  influences  by 
he  coast  and  mountains  inland,  the  diagram  as  regards 
.ions  is  purely  theoretical  and  given  to  define  a  prin- 
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inactive  in  the  northern  summer,  but.  here  again  we  have  great 
complexity  of  local  interferences  which  would  require  special  study 
to  define  anything  more  than  the  general  principles,  which  would  be 
possibly  only  similar  to  those  given  for  the  Mexican  area. 

e.  Under  any  conditions,  as  in  the  interspaces  between  the  great 
ellipsoidal  whirl  systems  proposed  of  the  Pacific  and  North  Atlantic 
Oceans,  the  interspace  whirls  would  be  formed  of  aerial  matter 
thrown  off  or  set  in  revolution  by  the  one  system  or  the  other, 
according  to  seasonal  obliquity,  and  the  influence  of  distribution  of 
elevated  land  resistances;  the  entire  region  of  such  interspace  whirls 
being  one  of  great  climatic  changes.  In  what  we  may  term  the 
Gulf  of  Mexico  whirl  system^  the  tangential  forces  from  the  North 
Atlantic  whirl  would  throw  in  heat  currents.  Whereas  the  Pacific 
whirl  system  would  throw  in  cold  currents,  and  there  would  be 
induced  from  the  change  of  the  position  of  the  heat  zone  by  seasonal 
obliquity,  displacement  of  the  great  ellipsoidal  systems,  which  would 
cause  them  to  seek  accommodation  according  to  the  conditions  of 
local  resistance  from  the  distribution  and  elevation  of  land,  so  that 
interior  whirls  or  diffusional  currents  could  only  be  traced  with 
great  difficulty  to  systematic  causes. 

f  I  have  shown  one  interspace  whirl  as  representing  a  principle, 
but  from  interfering  causes,  such  as  mountainous  districts,  and 
general  irregularities  of  surface,  I  have  no  doubt  that  this  whirl 
is  split  up  into  many  others,  and  that  the  system  of  projection  over 
a  large  portion  of  the  area  becomes  entirely  diffusional,  except 
possibly  at  great  altitudes.  Further,  the  seasonal  obliquity,  which 
entirely  displaces  the  great  ellipsoidal  systems,  changes  also  their 
general  configuration.  In  this  case  by  the  conditions  of  a  whirl 
taking  the  greatest  circular  area  (82  prop.),  when  in  the  northern 
winter  the  heat  zone  is  southward,  the  Atlantic  whirl  finds  greater 
freedom  by  longitudinal  contraction,  and  the  Pacific  whirl  by  longi- 
tudinal extension,  which  places  the  Mexican  Gulf  interspace  system 
more  nearly  under  the  cooling  influence  of  the  Pacific  system. 

g.  There  is  also  a  further  condition,  that  by  longitudinal  contrac- 
tion of  the  North  Atlantic  aerial  system  in  winter,  the  Alleghany 
Mountains  commence  to  block  the  tangential  deflection  of  the  North 
Atlantic  whirl,  which  blocking  gives  greater  freedom  to  the  Pacific 
projection.  It  is  probably  to  this  cause  partly  that  north-eastern 
America  owes  its  intensely  cold  winters. 

A  The  eastern  complementary  system,  in  which  I  have  shown  the 
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whirl  at  «'  to  the  right  of  the  engraving  (Fig.  i68) 
liown  too  far  westward,  as  In  this  position  the  aerial 
encounter  the  immense  resistance  of  the  elevated 
;,  of  over  sooo  feet  above  the  sea-level,  independently 
lountains  rising  still  higher  in  this  district.     In  this 
probable  the  complementary  whirl  of  this  system 
stward  of  the  sea  of  Okhotsk,  passing  through  the 
south-westerly  course  to  the  Yellow  Sea. 
sun  is  south  of  the  equator,  the  great  ellipsoidal 
le  greater  distance  of  their  motive  projections  be- 
al  equator  and  the  north  pole  causes  these  systems 
;  nearly  circular.     In  this  case  the  complementar)- 
he  great  systems  shown  a,  a  Fig.  i68  become  neces- 
i  it  is  possible  that  the  north-western  monsoons  of 
engendered  by  the  complementary  whirl  between 
ting  of  the  Pacific  and  Atlantic  systems,  as  well  as 
n   of  the   Indian   Ocean   now  forming  a  separate 
ystcm. 

iterspace  whirls   to   the  north  of  the  Atlantic 

lirl  systems. 

5  discussed  which  produce  complementary  whirls 
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regularly  constant  although  weaker.  This  rotary  system  would 
be  established,  subject  only  to  displacement  by  certain  seasonal  in- 
fluences. 

b.  The  direct  impingement  of  the  two  ellipsoidal  systems  in  the 
northern  hemisphere  suffering  restraint  at  about  the  80th  parallel, 
would  engender  by  tangential  forces  over  the  entire  polar  region  a 
constant  rotation  of  this  area,  producing  a  constant  circumscribing 
westerly  wind  around  the  north  pole.  Such  a  system  would  pro- 
duce a  considerable  minus  barometrical  ■  pressure  by  tangential 
action  near  the  pole,  and  if  held  constantly  without  interfering 
causes  would  render  the  inner  polar  region  one  of  such  intense  cold 
in  winter  as  we  have  no  conception  of  on  the  globe,  as  equatorial 
currents  would  thereby  be  entirely  shut  off,  and  the  polar  area 
be  subject  to  radiation  forces  at  all  times  in  a  bright  and  almost 
perfectly  dry  atmosphere. 

c.  The  like  conditions  occur  in  the  southern  polar  regions,  but  in 
this  case  as  the  circumscribing  area  is  less  frictional,  the  tangential 
forces  are  therefore  more  active,  and  this  region  becomes  one  of 
lower  pressure  and  I  have  no  doubt  of  more  intense  cold. 

146.  Interior  whirl  systems  caused  by  indraught  of  aerial 
currents  over  continental  areas. 

a.  Following  the  condition  of  indraught  previously  briefly  men- 
tioned, art  1 34,  we  have,  besides  the  general  agencies  of  the  radia- 
tion of  heat  from  the  sun  and  the  earth,  in  the  equatorial  and  polar 
systems  discussed,  in  composition  with  those  forces,  local  air  and 
vapour  systems  over  every  large  terrestrial  and  aqueous  area,  where 
similar  agencies  to  those  previously  considered  are  active,  according 
to  the  powers  of  radiation  the  selected  area  may  possess.  In  such 
areas  the  radiational  forces  will  be  very  different  in  the  separate 
cases,  whether  the  surface  be  laigely  covered  by  land  or  by  water, 
the  land  being  a  very  bad  conductor  of  heat  although  a  very  rapid 
radiant;  whereas  the  liquid  areas  are  to  a  certain  extent  absorbent 
of  heat  rays;  further  by  the  mobility  of  the  liquid  system  and  its 
general  constant  motion,  the  radiation  heat-forces  are  distributed  in 
a  short  space  of  time  with  considerable  uniformity  (136  art). 

b.  If  we  take  the  conditions  of  large  continental  areas,  we  find 
that  radiational  forces  materially  influence  the  general  directive 
motions  of  aerial  currents.  The  most  striking  case  of  this  kind 
is  tbat  of  the  large  continental  area  of  Europe  and  Asia  already 
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this  immense   area  the  difference   of  radiational        1 
expansions  and  contractions  of  the  air,  induced  by 
iiityof  the  earth's  axis,  and  thereby  by  the  sun's  in- 
nt  seasons  of  the  year,  represent  in  these  expansions 

placement  of  a  large  quantity  of  aerial  gravitating 
;  the  general  equilibrium  of  e!astic  forces  in  the  uni- 

the  atmosphere.  These  forces,  at  periods  of  greatest 
,  overpower  locally  established  average  surrounding 
s,  and  naturally  deflect  the  direct  currents  of  the 
ystems  I  have  just  discussed  as  equatorial  and  polar 

we  may  find  in  the  central  area  of  the  circumscrib- 
n  proposed  for  Europe  and  Asia,  that  air  is  being 
lis  entire  area,  by  contraction  from  the  superior  heat 

earth,  at  the  decline  of  the  year,  which  indraught 
ntral  Siberia  until  January,  or  until  we  have  the 
sphere  represented  by  30'4  inches  of  mercury  per 
t  the  return  of  spring,  by  increased  elasticity  in  the 
lir  is  pressed  outwards,  until  in  June  and  July  we 
,  or  about  63  3s.  per  square  foot  less  weight  of 
ibove  this  centra!  radiation  area.  This  is  quite 
he  vapour  system,  which  upon  production,  replaces 
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d.  As  similar  conditions  hold  largely  for  both  contractions  and 
expansions  of  aerial  systems,  it  will  be  convenient  for  simplicity 
to  take  one  of  these  only,  and  the  most  convenient  will  be  that  of 
indraught,  which  takes  place  Jn  any  continental  area  at  the 
decline  of  the  year,  or  after  the  sun  has  passed  the  summer  solstice 
at  the  locality  taken. 

e.  The  amount  of  supply  to  any  internal  area  of  contraction 
is  proportional  to  the  forces  of  minus  pressure  over  the  extent  of 
the  area  taken;  such  minus  pressure  giving  directive  impulse  to  the 
area  of  plus  pressure  upon  all  sides.  But  there  being,  as  I  have 
suggested,  in  most  areas  exterior  currents  already  established,  the 
indraught  will  be  taken  with  greater  facility  from  any  exterior  pro- 
jectile aerial  system  whose  impulse  is  most  directed  towards  the 
axis  of  indraught. 

f.  In  such  supply  currents,  although  the  forces  act  directly  as  all 
compressions  and  condensations  do,  they  must  nevertheless  in 
moving  in  currents  upon  local  resistances  take  whirl  forms,  or  make 
rolling  contact  upon  the  lateral  inert  fluid  masses,  as  a  necessity 
of  fluid  projection  in  any  form  whatever,  upon  principles  already 
discussed. 

g.  If  we  follow  the  same  direction  as  previously  proposed  for 
aerial  currents  illustrated  in  Fig.  168,  page  401;  the  moat  direct 
course  to  the  Asiatic  interior  would  be  by  the  Arctic  seas  when  such 
seas  were  open.  This  therefore  points  the  direction  of  currents 
in  autumn  when  the  thermal  forces  are  most  active  in  the  northern 
hemisphere,  but  the  supply  currents  of  the  interior  of  Asia  are 
required  in  the  winter  also  when  these  arctic  areas  are  closed  by 
ice,  and  the  ellipsoidal  system  becomes  more  circular  and  somewhat 
displaced  southward. 

h.  In  the  general  circumscribing  aerial  ellipsoidal  system  illus- 
trated. Fig.  168,  I  could  take  no  conditions  of  internal  circulation; 
it  is  nevertheless  quite  certain  that  such  exists  if  only  under  the 
directive  influences  of  oceanic  currents,  and  it  is  quite  clear  also 
that  an  internal  radiational  district  of  contraction  would  attain 
supply  from  such  an  internal  motive  system  with  equal  or  greater 
facility  than  from  an  external  one  whose  forces  would  be  directed 
tangentiatly  more  powerfully  from  the  central  position  taken.  In 
this  manner  the  aerial  forces  assumed  to  accompany  the  great 
North  Atlantic  equatorial  oceanic  whirl  would  carry  impulses  more 
directly  into  the  interior  of  Europe  and  Asia  than  that  of  the 
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dal  system  that  I  have  proposed  to  extend  its  direct      1 
r  north  as  the  Arctic  Ocean. 

these-  premises,  if  we  now  take  into  consideration 
'  forces  towards  this  interior  Asiatic  area,  we  6nd 
il  aerial  direction   is   ruled   largely  by  tlie  eastern 
Ise  of  the  globe  in  its  minus  velocity  to  deflected  cqua- 
known  to  exist  over  central  oceanic  currents  of  the 
isted  by  the  carrying  influences  of  the  oceanic  system 
npulse   is  towards  the  coast  of  Spain;  so  that  it 
suggestive,  assuming    tangential    forces   thrown  ofif 
whirls,  that  the   Mediterranean  area  following  the 
ck  and  Caspian  Seas,  would  be  one  most  open  for  a 
:o  the  contractile  area,  of  the  entire  inner  circulatory 

the  interior  area  of  Europe  and  Asia  at  the  decline 
t  this  as  all  other  courses  would  be  subject  to  certain 
ns  of  resistance  that  such  currents  may  encounter 
ireas  over  which  the  current  must  pass.     When  we 
nditions  to  which  the  direction  of  forces  proposed 

subject,  we  find  that  in  this  proposed  course,  cur- 
counter  considerable  land   resistance,  which  would 
ct  the  direction  of  impulse  which  the  favourable 
liquid  areas  would  otherwise  offer.     In  this  case  in 
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of  the  great  whirl  proposed  for  the  aqueous  system  of  this  ocean 
directing  its  currents  somewhat  northward  of  the  coast  of  Spain ; 
that  the  point  of  Cape  Finist^re  supports  a  cone  of  impression,  which, 
as  before  discussed,  deflects,  the  fiowing  forces  right  and  left  Sup- 
posing this  conic  area  to  be  one  of  pressure  also  to  the  aerial  system, 
under  the  influence  of  the  oceanic  carrying  force  to  the  atmosphere 
above,  tlien  so  far  as  this  carrying  influence  of  the  oceanic  surface 
could  direct  it,  by  aerial  deflections  northward  of  this  conic  area  over 
the  directing  oceanic  lines,  the  assumed  currents  would  gain  easterly 
momentum  by  the  minus  latitude  velocity  of  the  earth.  So  that  in 
the  northerly  direction  possibly,  there  would  be  the  most  direct  im- 
pulse to  establish  supply  currents  to  the  internal  area  proposed. 

<t.  We  may  now  consider  the  conditions  we  have  taken  of  the 
direction  of  the  oceanic  system  which  by  the  influence  of  central 
momentum  of  the  N.  Atlantic,  may  be  assumed  to  project  a  tangential 
current  in  a  north-easterly  direction,  that  is,  towards  the  Baltic 
There  appears  to  be  present  many  conditions  which  favour  this  course 
of  aerial  supply  by  a  moderately  frictionless  course  in  the  autumn 
and  winter  when  it  is  required  by  aerial  conditions  of  condensation 
from  terrestrial  radiation. 

/.  This  course,  in  the  first  place,  is  only  a  little  more  northerly 
than  the  aerial  deflection  I  assume  over  Cape  Finistire  in  Spain,  so 
that  a  direct  impulse  is  given  by  the  winds  of  the  North  Atlantic 
equatorial  system  to  move  in  a  more  northerly  direction.  Therefore 
in  this  direction  a  moderately  frictionless  course  is  opened  by  the  Eng- 
lish Channel,  and  the  low-lying  countries  of  Holland,  and  Northern 
Prussia,  as  the  most  free  area;  deflecting  possibly  a  part  of  the  in- 
draught as  far  north  as  the  Gulf  of  Finland,  Lake  Ladoga,  and  Lake 
Onega.  Here  passing  by  moderately  level  ground  as  far  as  the 
Ural  Mountains,  which  are  really  to  this  course  the  only  serious 
land  impediment  But  these  mountains  are  for  the  most  part  undu- 
latory  with  many  easy  passes,  so  that  the  greatest  resistance  that 
they  effect  is  only  such  as  will  cause  lower  supply  currents  to  be 
deflected  upward  and  therefore  supply  largely  by  a  system  of  over- 
flow. The  above  therefore  seems  altogether  the  most  probable 
means  of  supply  currents  to  the  large  interior  areas  of  Europe  and 
Asia  under  aerial  contraction,  and  this  course  appears  to  be  con- 
sistent with  the  excellent  maps  of  Mr.  A.  Buchan  in  his  important 
paper  previously  referred  to.  A  deflection  of  the  surface  currents 
being  observable  in  these  maps  in  front  of  the  Ural  Mountains. 
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iltic  system,  assuming  the  causes  given  sufficient  to     ^ 
irrents  proposed,  these  currents  could  only  enter  the 
tion  by  lateral  whirls  making  rolling  contact  upon 
aerial  fluids  present,  which  fact  appears  to  be  gener- 

with  observations  of  the  prevailing  winds.     But  it 
lortant  to  observe  that  such  currents  would  produce 
■nt  of  a  system  of  aerial  motion,  and  this  would  be 
:  previously  discussed    for  Arctic    currents,   acting 
jon  the  aerial  resistances,  and  inducing  a  form  of 
I  that  could  be  reversed  only  by  a  frictional  mode 
efore  such  a  supply  current,  although  oscillatory,  or 
sversed  at  times,  within  the  elasticity  of  the  system, 
:  or  less  constant  even  after  the  forces  that  caused 
ased  to  act.    Therefore  the  first  effects  of  expansions 
ing  would,  under  this  projection,  open  out  for  them- 
:tional  channel  in  some  other  direction  rather  than 
blished  currents. 

e  whole  matter  of  European  and  Asiatic  projection 
uses  given,  it  follows  that  the  internal  contraction 

of  the  aerial    fluids  in  this  great  continental  area 
iternal  whir!  system  which  is  continuous  with  the 
lOur    systems    proposed,    following    approximately 

CHAPTER  XIII. 

DIRECTION  OF  CURRENTS  DERIVED  FROM  VERTICAL  MOVEMENTS 
OF  WATER  PRODUCED  BV  THERMAL  CAUSES.  DEFLECTIONS 
UNDER  RESISTANCE  BY  WHICH  VERTICAL  CURRENTS  OVER- 
FLOW AND  UNDERFLOW.  COMPOSITIONS  WITH  REVOLUTION 
VELOCITIES  OF  THE  GLOBE.  OBLIQUE  WHIRL  SYSTEMS. 
TIDAL  INFLUENCES. 

147.  Vertical  Oceanic  Circulation. 

a.  The  motive  principles  of  vertical  circulation  have  already  been 
partly  discussed  as  effects  of  thermal  forces,  articles  112,  113,  and 
116.  I  now  propose  to  take  certain  conditions  of  local  effects 
which  may  be  rendered  somewhat  evident  in  the  actual  motions  of 
oceanic  currents. 

3.  To  the  motive  forces  of  the  air  alone  in  winds  Sir  John  Her- 
schel  attributed  the  entire  motion  of  the  ocean,  not  only  for  waves, 
but  for  currents.  Dr.  Carpenter  by  his  researches  in  deep-sea 
soundings  has  shown  that  the  oceanic  surface  currents  which  flow 
fairly  in  the  direction  of  the  wind,  where  this  is  constant,  may  be  of 
very  inconsiderable  depth;  underflowing  currents  taking  most  fre- 
quently an  entirely  opposite  direction  to  surface  drifts.  Upon  the 
accurate  observations  made  of  these  facts,  I  think  that  Dr.  Car- 
penter has  fully  assured  us  that  oceanic  circulation  exists  entirely 
independent  of  aerial  movements.  The  principle  of  this  important 
physical  law  appears  to  have  been  made  out,  as  before  mentioned, 
by  Professor  Lenz  of  Sl  Petersburg,  by  demonstrations  obtained  in 
ihe\oy3ge  of  the  Kotsedue  1825  to  1828,  from  which  he  first  showed 
by  temperature  soundings  that  there  must  be  a  constant  inflow  of 
heavy  polar  water  to  the  tropics,  and  an  equal  overflow  of  the  lighter 
heated  surface  waters  therefrom.  This  important  theory  he  pro- 
pounded in  1845  ^^^  '^  ""^t  ^^  usual  fate  of  nearly  all  great  theories, 
that  it  clashed  too  much  with  preconceived  ideas  educationally 
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accepted,  or  even  examined;  until  the  entirely  new 
r.  Carpenter  in  tlie  voyage  of  the  Cltalknger  in  lS6S 
V  grounds,  the  entire  theory  of  Lenz.     It  is  now 
to  careful  observers  that  polar  undercurrents  must 
ator,  as  polar  water,  by  the  evidence  of  temperature. 
iindings  at  much  less  depth  at  the  equator  than  in 
ititudes.     It  is  further  evident  that  such  inflow  in 
necessary  to  restore  the  equilibrium  of  projection 
areas,  which  is  observable  in  the  directions  of  large 
s,  such  as  in  that  of  the  Gulf  Stream.     These  under- 
also  active  in  supplying  the  loss  from  excessive  eva- 
the  tropical  oceanic  surface  and  therefore  so  far  in 
erflow. 

lower  inflow  towards  the  equator  is   evidently  of 
as  been  further  assured  negatively,  by  sounding  in 
jm  polar  currents  by  the  oceanic  entrance  of  such 
less  depth;  in   which  case,   there  is  no  low  deep- 
e  in  undercurrents.     This  we  find  demonstrated  by 
igh  temperatures  of   the    Mediterranean   and    Red 
depths.     Further  underflowing  polar  currents  have 
7  Dr.  Carpenter  from  near  the  polar  region  without 
>  the  tropical.     Ontheother  hand,  the  overflowing 
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conceive  that  there  is  some  source  of  radiant  heat  above  the  water 
surface  that  has  power  to  penetrate  the  water  and  to  expand  it  in 
some  proportion  to  depth,  for  a  certain  depth,  which  the  heat 
force  can  penetrate.  Then  if  the  heat-force  were  distributed  equally 
over  the  entire  oceanic  surface,  the  result  would  be  only,  that  after 
a  certain  time  the  whole  of  the  water  would  remain  in  vertical 
density  equilibrium,  the  coldest  or  densest  stratum  being  at  the 
bottom,  and  less  dense  strata  consecutively  above  up  to  the  surface, 
where  the  heat  is  assumed  to  be  most  intense. 

e.  If  we  now  imagine  such  a  system  as  that  given  above  to  be 
established  over  oceanic  areas,  and  that  we  change  the  conditions 
by  placing  the  source  of  heat  in  such  a  position  that  it  can  act  upon 
one  end  of  the  aqueous  system  only;  then  in  this  case  it  is  quite  clear 
that  the  expansile  force  that  rendered  the  water  less  dense  would 
be  active  at  this  part  only,  and  that,  supposing  the  heat  upon  the 
whole  the  same  as  that  at  first  proposed  for  distribution  over  the 
surface,  the  heated  part  would  be  most  expanded  by  the  local  con- 
centration of  the  heat-forces. 

/  If  we  now  imagine  that  another  portion  of  the  same  liquid 
system  at  some  distance  from  the  first  is  open  to  space  but  shaded 
from  the  given  source  of  heat,  then  by  the  law  of  interchanges  of 
heat  established  by  Prevost,  this  shaded  area  would  become  that  of 
the  greatest  radiation  of  its  own  heat;  so  that  it  would  quickly  lose 
its  initial  heat  and  become  as  cold  and  dense  at  the  surface  as  at 
a  depth  taken  for  the  constant  temperature  of  the  lower  water. 
Further,  the  dense  surface  water,  cooled  by  radiation,  sinking  to 
gravitation  equilibrium  of  its  density  in  relation  to  the  water  im- 
mediately beneath  i^  would  replace  this  less  dense  water  until  the 
whole  system  over  the  source  of  surface  self-radiation  became  one 
of  equally  cold  dense  mass.  Now  if  such  heat  expansion  and  cold 
contraction  remained  immobile,  we  must  have  after  a  time,  a  divi- 
sion vertically  in  the  fluid  system  tn  which  a  light  and  a  dense 
fluid  would  rest  vertically,  against  each  other.  This  it  is  quite 
clear,  by  laws  well  understood  in  hydrodynamics,  would  be  impos- 
sible, but  what  would  occur  is  that  we  should  have  through  the 
action  of  gravitation  forces  present,  the  parts  of  the  fluid  constantly 
moving  to  a  state  of  density  equilibrium,  as  we  observe  actually  in 
the  system  pursued  in  the  heating  of  buildings  by  water. 

g.  It  is  clear  that  the  above  conditions  are  those  that  actually 
exist  in  the  oceanic  system  between  equatorial  and  polar  regions ; 
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density  gravitation  equilibrium,  in  equation  with  thQ||| 
•force,   is  distributed   by  the  differences  of  densit:; 
)on  the  forces  of  local  radiation  of  the  sun  upon  Ae 

the  earth  into  space,  as  previously  discussed.     Open 
!es  we  find  that  gravitation  acts  as  a  constant  force 
ndently  of  other   forces;   this  force  being  active  to 
onditions  of  density  equilibrium  in  the  general  fluid 
uently  the  aqueous  system  becomes  motive,  the  colder 

underfiozving  constantly  to  gravitation  equilibrium, 
ler  less  dense  water  overflffiving  to  re-establish  surface 
In  such  motion,  however,  the  direction  which  currents 
ikc  to' avoid  the  resistances  of  frictional  surface  will 
modify  this  simple  condition,  taken  per  se,  as  I  will 
!eavour  to  show. 

item    of   overflowing   and    underflowing  currents   as 
:eanic  arca.s  is  graphically  represented  by  an  experi- 
Carpenter,  as  shown  in  the  diagram  below.     In  which 
1  glass  sides  is  filled  with  water  at  the  temperature  of 
eated  body,  formed  of  a  hollow  vessel  in  which  steam 
represent  the  action  of  the  sun's  rays,  is  placed  over 
he  trough,  and  a  block  of  ice  is  placed  at  the  other. 
ifter,  currents  are  induced,  which  arc  made  apparent  in 
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we  have  no  solid  boundary  in  the  ocean  representable  by  the  end 
of  the  trough.  But  in  this  matter  we  can  conceive  that  the  polar 
ice,  which  is  of  considerable  depth,  will  represent  sufficient  resistance 
for  the  cold  end  of  the  system,  and  the  oppositely  directed  under- 
flow from  the  north  and  south  circumpolar  regions  will  terminate 
this  projection  near  the  equator  or  where  these  polar  forces  meet, 
and  oppose  each  other,  and  thereby  represent  the  heated  end  of  the 
trough.  Some  further  conditions  of  which  I  will  consider,  on  prin- 
ciples of  whirl-motion,  hereafter. 

148.  Influence  of  the  solid  surface  of  the  land  upon  open 
oceanic  systems.    Midcurrents. 

a.  By  the  conditions  discussed  in  the  fourth  chapter,  the  resting 
surface  upon  which  a  fluid  moves,  will  be  sufficiently  frictional  to 
the  fluid  to  ensure  motions  of  rolling  contact  of  its  parts.  Now, 
assuming  the  actions  of  thermal  forces  in  water  to  produce  dis- 
placements in  overcurrents  in  one  direction,  and  undercurrents  in 
compensation  to  move  the  water  in  the  opposite  direction.  The 
undercurrents  assumed  to  be  of  the  greater  density  by  temperature 
must  then  move  upon  or  near  the  resting  surface  of  land  in  a  very 
close  system,  and  such  a  motion  would  be  very  frictional.  But 
if  we  take  these  motions  to  be  active  in  a  liquid  system  of  great 
depth,  and  assume  an  undercurrent  necessary  either  as  a  com- 
pensating current  or  otherwise  to  thermal  effects,  it  is  in  no  way 
necessary  that  this  should  extend  to  the  entire  depth  of  the  system, 
as  it  is  quite  evident  that  motion  in  an  intermediate  depth,  as 
being  more  distant  from  the  resting  surface,  would  be  less  frictional. 
Therefore  it  becomes  extremely  probable  that  an  undercurrent  in 
deep  water,  or  other  fluid,  will  have  a  constant  tendency  to  take  a 
middle  or  intermediate  course  where  the  resistances  from  the  upper 
current  flowing  in  an  opposite  direction,  and  the  friction  of  land 
surface  are  brought  in  equilibrium  about  the  axis  of  projection. 
Upon  these  premises  it  is  very  possible  that  active  undercurrents 
in  the  ocean  do  not  extend  to  the  land  surface  in  deep  water,  but 
that  they  flow  in  intermediate  space,  leaving  the  land  surface  in 
almost  perfect  repose. 

b.  Under  the  above  conditions  the  rolling  contact  of  an  oceanic 
undercurrent,  or  as  it  would  be  really,  as  now  proposed,  a  mtd- 
current^  would  deflect  waters  upwards  and  downwards,  therefore 
move  on  biwhirl  principles.    The  evidence  of  such  form  of  projec- 
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nd  in  yy  and  8i   props.,  except  that  the  influence 
t  taken  in  the  latter  proposition.     This  is,  however, 
)p.  l>,  but  here  we  lose  some  of  the  conditions  of 
■1  projection,  as  the  resultant  of  continuity  of  like 

tcr  is  important  it  may  be  well  to  refer  again  to  ex- 
w  the  possibility  of  such  a  form  of  motion  as  ma>' 
irrent  in  a  very  deep  fluid,  in  the  projection  of  upper 
,,  although  the  experiment  I  shall  propose  will  not 
the  conditions  of  a  varying  density  system. 
a  tea-chest  as  in  Prof.  Tait's  experiment,  66  prop. «", 
overing  the  open  top  with  a  light  canvas  we  fix  the 
tie  top  so  as  to  form  what  is  known  technically  as 
may  then  project  a  current  of  ammonia  chloride  as 
ermittently  or  constantly  for  the  motive  extent  of  the 
If  we  further,  instead  of  making  a  circular  hole  in 
chest  as  before  described,  make  an  open  slit  entirely 
y  then  readily  project  a  flat  horizontal  current     In 
irrcnt  will  flow  upwards  and  downwards  by  projec- 
;sistant  air  in  equilibrium,  and  resemble  in  its  pro- 
irrent,  making  rolling  contact  in  upper  and  lower 
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'  less  than  300  fathoms  in  latitudes  38"  north  and  south  but  about 
600  fathoms  at  the  equator.  By  the  above  I  imagine  that  the  axis 
of  undercurrent  motion  Is  in  about  39°  Fahr.  or  perhaps  more  nearly 
jS'-ft  The  temperature  depths  above  and  below  this  appear  to 
spread  out  generally  in  opposite  directions  extending  north  and 
south,  particularly  from  the  tropics  to  the  equator. 

f.  I  have  taken  the  following  diagram  from  one  given  in  Dr. 
Carpenter's  paper  before  referred  to,  but  here  drawn  to  a  smaller 
horizontal  scale.    Midcurrent  whirls  being  indicated  at  about  the 
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[  position  I  assume  that  they  may  occur.  The  depth  of  the  whirls 
I  will,  however,  vary  with  the  longitude  from  other  causes,  the  motive 
I  system  being  by  composition  witlt  revolution  velocities  in  oblique 
I  plane,  of  which  tlie  diagram  only  theoretically  represents  a  vertical 
I  section.  Sccondar>-  biwhirls  possibly  form  at  the  surface  exterior 
I  to  ]aL  30°  north  and  90utl),  which  are  indicated  in  the  cngrav- 
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149,  Overflowing  Forces  caused  by  deflection  from  conic 
resistance.     Vertical  whirl  force  in  oceanic  currents. 

a.  If  we  duplicate  the  whirl  system  shown  in  Dr.  Carpenter's 
'  experiment  on  each  side  of  the  equator,  as  before  suggested,  we  shall 
have  in  the  denser  lower  water  a  certain  volume  approaching  by 
undercurrents  towards  the  regions  of  heat  of  the  thermal  equator 
of  the  season,  and  have  expanded  and  lighter  overflowing  and  out- 
flowing currents  above  on  each  side  of  the  same  region.  The 
projectile  properties  of  such  flowing  forces  of  matter,  carrying 
momentum  proportional  to  their  masses  into  their  velocities,  we 
cannot  imagine  to  come  to  rest  after  projection  without  maintaining 
an  impulse  as  the  momentum,  deducting  only  the  friction  of  contact 
on  contiguous  parts.  Now  I  have  assumed  that  fluids  moving  by 
their  own  velocities  of  greatest  accommodation,  as  in  a  liquid  system 
returning  to  gravitation  equilibrium,  suffer  very  small  loss  by  fric- 
tion; so  that  in  this  case  the  projectile  momentum  is  largely  con- 
served, and  altliough  the  actual  motion  of  translation  may  be  con- 
ceived to  be  very  slow,  the  masses  affected  in  an  oceanic  system 
are  very  large,  and  the  forces  are  effectively  duplicated  by  opposi- 
tion to  each  other,  so  that  the  entire  momentum  in  collision  is  as 
great,  or  nearly  so,  as  the  united  forces  from  which  it  is  derived. 

&.  By  the  principles  of  whirl  motions  tliat  I  have  endeavoured  to 
demonstrate  in  many  propositions,  fluid  projections  are  shown  to  be 
never  perfectly  resisted  within  any  fluid  system,  the  forces  being 
conserved  by  deflections  from  the  resistances,  to  move  into  the 
least  frictional  paths.  Therefore  in  this  case,  if  we  have  two  density 
underflowing  currents  of  cold  polar  water  directed  upon  each  other 
towards  the  equatorial  area  moving  with  any  force  whatever,  small 
or  large,  the  united  forces  will  not  directly  oppose  each  other  as  per- 
fect resistances,  but  they  will  both  be  defiecled  to  the  spaces  oflfering 
the  least  resistance. 

c.  In  the  case  given  above  it  is  not  difficult  to  discover  the  area 
of  least  resistance,  as  the  opposing  currents  cannot  be  deflected  far 
towards  the  solid  earth  on  which  tlie  water  rests,  nor  laterally  with- 
out encountering  equal  resistances  from  other  approaching  parts. 
They  must  therefore  be  deflected  upwards;  so  that  we  may  imagine 
a  certain  area  at  the  oceanic  lower  surface  to  remain  static  by  com- 
pression from  the  opposing  flowing  forces  on  each  side  of  the  equator, 
and  this  static  mass  to  form  a  cone  of  resistance  to  the  flowing 
forces  that  will  themselves,  by  the  momentum  they  carry,  deflect 
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the  Opposing  direct  currents  upwards  as  whirls,  over  the  cone  of 
impression  the  one  flowing  force  forms  to  the  other;  as  in  all  other 
cases  of  fluid  projection  of  which  I  have  given  many  instances, 

d.  It  is  quite  clear  that  the  overflowing  surface  expansile  systems 
would  thus  be  forces  that  would  enter  into  motive  composition  with 
whirls  projected  from  the  lower  inflowing  system,  and  complete  the 
whirl  system  in  underflowing  and  overflowing  currents,  in  which 
both  parts  would  be  active,  subject  to  certain  conditions  of  friction 
upon  the  resting  surface,  discussed  in  the  last  article. 

/.  By  the  above  principles  we  have  movements  of  liquids  upon 
the  globe  that  maintain  certain  positions,  which  we  may  denominate 
forces  of  co^  engendering  northern  and  southern  underflowing 
currents  constantly  flowing  towards  the  thermal  equator;  and  we 
have  equal  expansile  currents,  which  we  may  denominate  /leat 
forces,  overflowing  from  the  equator;  in  both  instances  directed  to 
restore  the  density  equilibrium  disturbed  by  the  forces  of  radiation 
from  the  sun  upon  one  part  of  the  globe,  and  from  the  earth  in 
another.  The  momentum  of  underflowing  forces  being  conserved  by 
deflection  at  the  meeting  line  which  occurs  at  the  region  of  greatest 
intensity  of  the  expansile  heat  forces.  The  general  principles  of 
the  above  may  be  represented  by  the  following  diagram,  where  A 
represents  the  thermal  equator  for  the  time  bemg;  C  the  conic  area 


of  resistance,  formed  by  static  water  resting  on  the  bottom  of  the 
ocean,  or  upon  any  deep  motive  plane  that  may  represent  the  extent 
of  whirl  circulation  for  the  stratum  taken. 

/,  It  will  be  seen  in  this  system  that  a  secondary  cone  of  resist- 
ance to  the  rotary  incipient  whirl  systems  right  and  left  is  formed 
by  the  upturned  momentum  of  the  deflected  undercurrent  force 
under  A.  This  remains  in  the  equatorial  system  as  a  band  of  sttll 
water,  and  the  overflowing  forces  commence  at  some  distance  from 
this,  where  the  incipient  whirls  may  nearly  reach  the  surface. 
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erally  be  conceived  that  the  above  conditions  relate 
L'ation  for  overflow  of  parts  of  the  aqueous  system 
>y  the  density  of  parts  quite  reach  the  surface  to  form 
It,  or  to  the  greatest  depth  to  form  a  lower  current 
rflow  approach   near  the  surface  it  will  act  as   a 
rata  above. 

projectile  forces  by  the  impulses  derived  from  thermal 
i  before  discussed  for  another  case,  would   not   be 
ly  imaginable  single  effort  of  thermal  force;  but  by 
mtinuity  of  eflbrts  of  separate  units  of  motive  force 
vely  together,  with  the  almost  frictionless  modes  of 
ds  follow  at  velocities  capable  of  the  greatest  accom- 
system   becomes   finally  in  a  certain  condition  of 
quilibrium. 

an  motive  system  acting  by  local  thermal  denaties, 
rccs  may  be  separately  considered  as  small,  may, 
est  accommodation  that  is  possible  in  fluid  matter, 

0  tlie  continuity  of  motion    of  a   massive   wheel 
,  perfect  axis  which  maintains  a  lai^e  massof  gravi- 

1  motion  by  small  constantly  intermittent  impulses 
I  of  its  motion,  although  it  would  at  first  require 
rce,  or  a  long  continuity  of  smaller  impulses,  to  pro- 
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a  /etve,  the  influence  of  the  wind  represents  only  another  /orar, 
which  enters  into  composition  with  it,  and  deflects  the  fluid  affected 
to  the  area  of  least  resistance  under  the  composition  of  all  forces 
present  In  this  manner  the  expansive  overflow  acting  as  r^ards 
thermal  effects  only  as  a  force  directing  the  surface  water  directly 
from  the  equator  to  the  tropic  with  small  loss  of  revolution  momen- 
tum, and  the  trade-winds  moving  directly  towards  the  tropic,  with  a 
strong  minus  latitude  momentum,  gives  by  composition  a  westemly 
drift,  the  opposite  polar  and  equatorial  momentum  of  the  two  forces 
being  apparently  suppressed  at  the  surface.  Upon  the  above  prin- 
ciples the  united  momentum  of  overflowing  oceanic  and  wind  forces 
conspire  to  produce  one  area  of  elevation  or  directive  force  upon  the 
western  sides  of  the  oceanic  areas  near  the  thermal  equator.  This 
action  is  clearly  auxiliary' to  the  forces  considered,  115  art.,  for 
revolution  momentum  of  matter  newly  arriving  at  the  equatorial 
zone,  and.modifies  by  composition  the  conditions  of  vertical  circula- 
tion considerably. 

151.  Influence  of  I.atitudinal  Revolution  velocity  on  vertical 
systems  of  displacement  in  equatorial  oceanic  systems  pro- 
ducing oblique  planes  of  motion. 

a.  I  have  discussed  the  principles  of  the  action  of  revolution 
velocity  upon  oceanic  surface  systems  for  horizontal  currents,  115 
art  It  remains  now  to  consider  some  conditions  which  particularly 
relate  to  the  direction  of  undercurrents  whose  force  lines  take  the 
place  of  compensating  systems,  by  their  moving  in  the  opposite 
direction  to  overcurrents,  their  directions  being  outward  from  the 
polar  regions,  as  the  thermal  surface  currents  are  inward. 

i.  The  heavy  cold  water  as  it  is  projected  as  an  undercurrent 
from  polar  r^ons  towards  the  equator,  in  moving  to  gravitation 
equilibrium  in  equation  with  its  density,  carries  a  constant  minus 
revolution  velocity  to  the  latitude  of  the  earth  it  reaches,  as  before 
stated,  therefore,  it  constantly  drifts  towards  the  western  Orders 
of  the  oceanic  basins;  whereas  the  overflowing  surface  waters 
moving  with  plus  revolution  velocity  were  shown,  128  art  i,j,  to 
drift  towards  the  eastern  borders,  this  we  may  take  as  a  general 
principle.  Therefore  these  drifting  undercurrents  have  motive 
direction  towards  the  very  points  of  the  oceanic  system  where  the 
direction  of  the  trade-winds,  and  with  them  the  surface  waters  are 
mostly  drifted,  that  is  to  the  same  western  sides  of  the  oceanic  basins. 
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ipulse  of  these  currents  meet  opposing  resistances, 
onserve  their  momentum,  suffer  deflection,  which  is 
the  path  of  least  resistance,  as  before  stated.    In  this 
i  Northern  Atlantic  system,  the  polar  minus  rgvolu- 
1  carries  the  cold  dense  polar  water  projected  south- 
ercurrent  to  westward  along  the  coast  of  Greenland, 
■cts  its  impulse  upon  the  Greenland  coast  and  on- 
he  mouth  of  Davis'  Strait;   but  here   the   current 
onal  resistance  of  the  outflowing  waters  issuing  from 
ida  coast  by  causes  already  discussed  (12S  art),  so 
itc  impulses  deflect  such  meeting  currents  directly 
direction  across  the  Atlantic,  the  westerly  direction 
eing  blocked  by  land ;  at  the  same  time  the  deflected 
s  they  can  absolutely  meet,  engender  such  a  corn- 
resistance,  that  the  polar  currents  are  thrown  off  the 
:  in  every  direction  that  does  not  perfectly  oppose  the 
Tved  elastic  force  of  the  currents  they  meet  from  the 

eady  discussed  the  conditions  under  which  overcur- 
■  certain  oceanic  districts,  in  which  they  maintain  a 
of  radiation  of  heat  into  the  circumpolar  atmosphere 
)ss  as  would  convert  them  into  descending  cold  cur- 
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ing  the  western  shores  of  Spain,  France,  the  British  Isl^  and  the 
coast  of  Norway  are  bathed  by  warm  currents  by  causes  discussed, 
and  that  the  directly  opposite  shores  near  the  coast  of  New- 
foundland, Labrador,  and  Greenland  are  bathed  with  cold  cur- 
rents ;  and  for  the  most  part  loaded  constantly  with  ice.  Now,  as 
regards  these  opposite  positions,  by  thermal  gravitation  effects 
simply,  the  underflowing  currents  are  directed  from  the  one  position 
to  the  other  in  proportion  to  the  differences  of  temperature  density 
of  the  water  according  to  well  established  laws  for  fluid  forces  known 
as  a  principle  of  hydrodynamics,  and  made  use  of  practically  in 
heating  buildings  by  hot  water.  The  effect  of  the  surface  extension 
of  cold  undercurrent  water  towards  western  borders  of  the  basins, 
by  the.  above  causes,  permits  dense  cold  water  to  flow  in  continuous 
volume  towards  the  temperate  areas,  and  the  lighter  thermal  equa- 
torial currents  to  flow  into  the  polar  oceans  by  the  eastern  sides  by 
continuous  circulation.  The  direction  of  underflowing  dense  currents 
and  overflowing  lighter  warmer  currents  under  actual  conditions,  as 
in  the  regions  of  the  Gulf  Stream,  are  therefore  compelled  to  cross 
each  other  in  superposition  at  a  certain  point  in  equation  with  the 
directive  forces  derived  from  thermal  causes  into  revolution  vdocities 
simply. 

/.  As  overflowing  currents,  moving  by  direct  thermal  effects,  take 
directions  which  are  most  free  from  land  in  the  North  Atlantic,  or 
any  other  area,  and  such  directions  are  also  mostly  under  the  influ- 
ence of  the  motive  force  of  the  wind  established  by  other  causes, 
already  considered,  these  overcurrents  generally  tend  to  establish 
the  actual  direction  of  surface  forces,  as  before  proposed,  to  the 
influence  of  which  the  undercurrents  may  be  considered  to  act  as 
complementary  in  order  to  complete  a  circulatory  system. 

/  Taking  the  above  conditions  for  the  whole  of  the  Northern 
Atlantic  area,  beginning  at  the  cold  or  greatest  density  projection, 
we  find  a  cold  undercurrent  from  the  polar  regions  constantly 
flowing  southward  past  the  icebound  coast  of  Greenland,  Davis' 
Straits,  and  the  coast  of  Labrador,  and  the  same  current  then 
underflowing  onwards  by  its  density  in  an  easterly  direction  in  the 
same  latitude.  It  therefore  underflows  the  area  of  the  Gulf  Stream, 
carrying  its  density  momentum  across  the  Atlantic  nearly  to  the 
coast  of  Africa,  where  it  is  possibly  projected  upwards,  and  laterally, 
by  the  deflection  of  its  direct  momentum  against  the  resistance  of 
the  cosis^  here  gradually,  being  warmed  by  the  'sun's  rays  it  enters 
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the  surface  in  what  may  now  be  considered  as  a  compensatio 
system  to  the  northern  polar  projection;  and  appears  to  be  furth< 
deflected  in  rising  as  a  surface  current  by  the  trade-winds  in  c 
position  with  its  own  direct  impulse.  In  tliis  general  course  nan 
proceeding  westerly  near  the  equator  it  appears  to  continue  unti 
it  is  again  deflected  by  the  eastern  coast  of  America.  Wc  maj 
assume  that  near  the  equator,  having  its  temperature  raised  by  it 
less  dense  heated  waters,  it  now  overflows  its  previous  direction  ii 
the  Gulf  Stream  or  general  north-eastern  drift,  where  its  dire 
impulse  is  further  carried  onwards  into  high  polar  latitudes  I 
become  cooled  down  by  radiation  into  space,  so  as  again  to  enter  tl 
previous  course  drifting  along  in  tiie  Greenland  current  until  it  faUl 
once  more  in  the  course  of  projection  as  an  undercurrent  off  t 
coast  of  Newfoundland. 

It  is  not  necessary  in  the  above  sketch  to  suppose,  although  thi 
may  be  the  general  drift  of  the  aqueous  forces  discussed,  that  it  t 
absolutely  the  same  portion  of  water  that  passes  through  the  cntin 
course  depicted,  this  is  quite  improbabie,  although  possible  for  th 
course  of  any  single  particle.  It  is  clear  that  any  part  of  the  s>'stcr 
may  be  evaporated  at  the  tropics,  or  left  frozen  near  tiie  poles,  o 
be  deflected  from  the  course  pointed  out;  but  in  this  case  ntha 
motive  water  takes  up  the  forces  lost  by  transference  of  impulse. 

g.  The  following  diagram  will  show  by  the  arrows  the  principle 


here  discussed,  the  undcrflowing  and  overflowing  forces  forming  ihi 
figure  S  for  a  certain  limit  of  circulation. 

k  It  may  be  observed  tli»t  tliis  A>-stem  En  no  way  Intericra 
with  that  proposed,  1 1 5  art.,  for  horizontal  circulatian,  which  as  ) 
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superimposed  system,  may  be  complete.  It  really  forms  a  part  of 
the  same  system  of  motive  forces  that  could  not  be  entered  into  at 
the  time,  or  until  further  principles  were  discussed.  These  under- 
current directions  of  density  systems  may  be  taken  in  composition 
with  surface  whirl  systems;  such  undercurrent  systems  very  gener- 
ally attaining  directive  forces,  through  which  the  same  systematic 
whirls  are  engendered  in  the  lower  stratum,  as  were  previously 
discussed  for  the  upper  ones;  so  that  the  figure  eight  only  repre- 
sents the  direction  of  a  certain  axis  of  biwhirl  deflection,  forming  in 
both  areas  of  the  two  loops  of  the  figure  a  complete  whirl  in  an- 
other plane  of  motion ;  by  the  force  of  which  a  part  of  the  water, 
in  this  case  of  the  N.  Atlantic  system  of  the  northern  whirl,  will 
be  thrown  into  the  more  southern  system,  and  a  part  after  deflec- 
tion on  a  cone  of  resistance  which  occurs  at  about  the  coast  of 
Portugal,  for  some  portion  of  the  current,  back  into  its  own  whirl 
system.  This  could  not  be  shown  in  the  engraving  without  com- 
plication. In  this  diagram  I  have  taken  a  certain  plane  in  two 
whirls  only,  but  the  same  system  no  doubt  in  my  mind  extends  to 
currents  upward  into  the  extreme  northern  regions  by  similar  de- 
flections which,  taken  separately,  would  form  the  like  figure  for 
certain  current  lines. 

i.  Again  the  undercurrent  here  proposed,  leaving  the  Newfound- 
land coast  projected  in  its  axis  in  an  easterly  course  as  a  density 
current,  would  at  its  southern  borders  be  deflected  southward  to 
form  not  only  the  circumferential  parts  of  an  undercurrent  whirl 
extending  near  to  the  equator,  but  would  also  fill  by  whirl  deflec- 
tion the  entire  centre  of  the  system,  so  that  this  infusion,  if  I  may 
so  term  it,  added  to  the  minus  revolution  velocity  it  experiences  in 
moving  southwards,  again  deflects  a  part  of  the  force  westward,  caus- 
ii^  the  entire  polar  current  to  be  deflected  over  nearly  every  part 
of  the  Atlantic  towards  the  equator  with  some  part  of  its  force,  the 
axis  of  direction  only  being  in  the  lines  proposed,  in  the  last  figure. 

j.  Further,  the  undercurrent  motive  system,  being  active  upon 
similar  principles  to  the  upper  system,  it  must  follow  lines  similar 
to  those  discussed  in  128  art.  for  the  Gulf  Stream.  Thus  there  is 
in  the  undercurrents  probably  a  considerable  conic  bifurcation  off 
the  Newfoundland  coast,  another  off  the  African  coast,  sending  a 
deflection  to  the  Straits  of  Gibraltar,  and  another  further  south, 
sending  a  deflection  from  Cape  Verde  into  the  South  Atlantic. 
This  last  possibly  acting  as  a  compensating  current  to  the  western 
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ection,  of  which  a  part  ultimately  forms  the  Gulf 

=eanic  system    we  have   two    elements   of    motion 
project  currents  in  a  westerly  direction: — That  of  the 
impulse  active  upon  all  waters  arriving  by  any  cause 
lar  areas  towards  the  equator,  which  are  either  de- 
i  by  opposite  equatorial  resistance,  or  in  polar  under- 
ising  a  certain  motive  energy,  or  carrying  force  upon 
and  we  have  the  impulse  of  undertlowing  aerial  cur- 
)on  the  oceanic  surface  in  the  same  direction.     The 
drift  by  cumulative  impulses  from  these  causes  being 
i  it  reaches  western  boundaries,  so  that  we  find  that 
keep  widely  apart   and    flow  gently  by  horizontal 
art.  i),  on  the  eastern   tropical   oceanic  areas  are 
ensed  by  convei^ence  of  impulse  upon  the  western 
Tents  are  most  active.     This  occurs  in  the  Atlantic, 
dian  Oceans. 

■  of  the  above  conditions  are  naturally  subject  to 
s  from  the  positions  of  land  and  oceanic  depths.    So 
'  forces,  upon  principles  discussed,  whirl  and  biwhlri 
oceanic  systems  generally  take  certain  elements  of 
ler,  an  equatorial  projection  falling  obliquely  against 
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axis  of  inertia,  124  art.  c,  there  will  at  all  times  be  a  tendency  in 
currents  to  maintain  the  same  areas  of  projection,  they  will  also  tend 
to  wear  out  the  deep  channels,  the  section  of  which  will  constantly 
approach  a  semicircle,  except  that  the  tangential  force  of  whirl 
currents  will  always  throw  the  axis  of  the  current  outward,  so  that 
the  section  from  the  centre  will  be  actually  more  nearly  pear-shaped, 
as  shown  in  the  diagram  below. 


152.  Influence  of  the  Sun  and  Moon  in  Tidal  Pheoomena 
in  constantly  restoring  Gravitation  Equilibrium. 

If  we  imagine  a  fluid  projection  engendered  by  thermal  expan- 
sion, condensation,  evaporation,  rainfall,  and  revolution  impulse 
to  proceed  from  polar  to  equatorial  regions  to  establish  gravitation 
equilibrium  between  a  couple  of  forces,  we  can  at  once  see  that 
such  motions,  within  the  velocities  of  perfect  fluid  accommoda- 
tion of  the  least  frictional  form,  must  be  very  slow.  But  we 
have  in  the  intermittent  attractions  of  the  sun  and  moon  con- 
stant separate  efforts  of  local  superior  motive  force,  which  at  each 
effort  raises  a  certain  mass  of  water  above  the  point  of  mean 
static  equilibrium;  and  although  this  force  is  diurnal  and  inter- 
mittent, it  is  superior  in  immediate  eifect  to  thermal  and  evapora- 
tive forces,  therefore  it  moves  the  liquid  mass  at  every  effort  beyond 
the  plane  of  equal  mean  gravitation  equilibrium,  leaving  it  when 
the  attractive  force  is  withdrawn  to  fall  to  the  natural  gravitation 
equilibrium  of  the  system.  By  this  means,  of  oscillation  beyond  the 
point  of  mean  equilibrium,  every  force  out  of  equilibrium  in  an 
extensive  fluid  mass  is  accelerated  in  its  direction  towards  the  equili- 
brium which  is  constantly  being  only  partially  restored,  so  that  we 
may  add  tidal  forces,  which  act  cumulatively,  to  other  modes  of 
motion  which  I  have  oifered  as  being  active  to  accelerate  the  motive 
impulses  previously  considered  in  restoring  equilibrium,  and  thereby 
rendering  such  permanently  active  in  their  motive  directions  by 
composition  with  all  forces  present  in  actual  fluid  systems. 
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therefore  there  will  be  a  great  expansion  of  aerial  fluids;  at  the  poles 
very  little  (ii2  art  e). 

d.  As  before  stated,  the  influences  of  equatorial  expansions  cause 
the  air  near  the  equator  to  have  less  specific  density,  and  the  con- 
stant excess  of  radiation  of  heat  near  the  poles  produces  greater 
specific  density,  the  air  being  held  to  the  surface  of  the  earth  by 
the  attractive  force  of  gravitation,  acting  with  greatest  intensity  on 
the  colder,  more  condensed,  and  nearer  parts  of  the  air,  which  parts 
are  therefore  urged  to  flow  at  all  points  to  an  equal  surface  of 
gravitation  density.  The  warmer,  lighter,  or  more  expanded  air, 
in  this  manner,  receives  less  gravitative  impulse,  and  takes  its  posi- 
tion above  the  heavier  fluid  in  the  same  manner  as  air  takes  its  posi- 
tion by  gravitation  above  water.  This  it  does  in  proportion  to  its 
motile  force,  or  power  of  accommodation  for  one  part  of  the  system 
to  displace  the  other,  that  this  arrangement  may  occur. 

e.  Now  it  is  apparent  fhat  the  above-mentioned  systems  of  forces 
must  be  active  in  the  manner  described,  but  as  terrestrial  currents  do 
not  entirely  follow  such  directions  as  here  implied,  of  simple  density 
superposition,  we  may  conclude  that  as  we  have  taken  fluid  force 
to  be  persistent,  that  there  are  modifying  causes  which  deflect  aerial 
currents  into  the  directions  we  find  them  by  observation. 

f.  To  follow  this  matter  into  the  principles  by  which  aerial 
matter  is  projected  upwards  in  certain  regions  of  the  earth,  we  find 
that  the  sun's  heat  is  equally  active  over  nearly  the  whole  of  the 
broad  tropical  band,  where  the  sun's  meridian  altitude  is  never  less 
than  66  J  degrees.  Therefore  in  these  tropical  regions  the  most  material 
expansions  of  the  air  take  place,  thereby  forming  upward  currents 
of  great  breadth  which  can  have  only  a  limited  projection  against 
gravitation  before  being  thrown  out  of  equilibrium  to  the  general 
gravitative  system  of  the  globe,  and  hence  they  must  overflow  in 
order  to  continue  the  vertical  thermal  projection  caused  by  heat 
expansions,  as  before  proposed.  In  this  case  there  must  also  be  an 
equal  inflow  of  air  to  the  overflow,  for  the  atmospheric  pressure  to 
remain  nearly  constant  as  we  actually  observe  it  does,  and  this 
must  occur,  as  before  stated,  by  undercurrents,  which  extend  to  the 
equatorial  band  of  upward  draught.  As  auxiliary  to  the  direction 
of  this  inflow,  we  have  also,  by  the  aerial  friction  upon  the  oceanic 
surface,  a  region  of  induced  oceanic  surface  movements,  which  I 
have  shown  are  influenced  to  flow  in  the  same  direction  as  the 
aerial,  and  which,  by  reaction,  consequently  establish  a  consistency  of 
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;rial  inflow  in  the  least  frictional  course.    The  aqueous 
es  by  cumulative  efforts  being  throughout  the  system 
ich  other's  motion  in  the  directions  of  flowing  forces, 
ordance  with  the  above  we  have  in  similar  positions 
e  a  like  direction  of  active  aqueous  and  aerial  forces 
frictional  surfaces,  observable,  for  inflow  particularly, 
of  the  trade-winds,  which  by  the  causes  given,  may 
accounted  for. 

ishment  of  the  vertical  aerial  whirl    system  of 

■w  take  the  trade-winds  flowing   from   their  origin 
r  areas   towards  equatorial   ones,  as  equal   systems 

2  entire  equatorial  regions,  and  consider  the  equatorial 
rces,  without  for  the  present  taking  into  account  the 
ion  brought  about  by  the  difl'erence  of  circumferential 
?  parts  of  the  earth  or  the  kind  of  surface  over  which 
iss,  we  have  then  a  similar  case  to  that  discussed  for 
i  (149  art);    that   is,    two  fluid   forces    flowing   from       ■ 

southern  polar  areas  in  direct  opposition  to  each 
;  near  the  seasonal  heat  zone;  and  we  may  at  this 

again  look  for  similar  results  to  those  discussed  for 

15*  Art.  VERTICAL  AERIAL  WHIRLS.  437 

* 

velocity,  the  whole  momentum  of  the  system  would  be  deflected 
by  the  entire  resistance  in  one  path  only,  that  is,  upwards, 

c.  I  have  supposed  in  the  above  case  of  two  opposing  systems  of 
flowing  air  to  the  equator,  that  absolute  contact  is  made  between 
them,  but  if  we  analyse  the  possible  conditions  we  see  at  once  that 
this  is  impossible,  or  only  possible,  for  an  infinitely  thin  stream  of 
opposing  flowing  fluid.  In  the  first  place,  for  the  meeting  in  one 
area  of  two  volumes  of  air  there  must  be  space  for  the  air  contained 
in  the  two  currents,  which  press  against  each  other,  and,  as  air  is 
an  elastic  fluid,  the  meeting  currents  would  form  a  volume  of  con- 
densed  air^  which  assuming  the  forces  equal  would  immediately  pro- 
duce by  reaction  a  broad  band  wherein  the  air  brought  to  equili- 
brium would  rest  static.  Further,  after  this,  any  inflowing  equal 
current  moving  upon  this  static  band  would  increase  its  breadth 
and  therefore  its  resistance;  so  that  the  band  would  finally 
represent  a  broad  static  mass  of  condensed  air,  which  would  be 
sufficiently  extensive  from  its  inertia  alone  to  form  a  resistance  to 
any  future  approaching  flowing  aerial  fluid.  We  may  further  con- 
ceive that  the  influence  of  this  central  resistance  would  be  percep- 
tible in  the  approaching  air  so  far  as  the  elastic  reaction  of  the 
condensation  could  act 

d.  We  find  in  consideration  of  further  conditions  that  the  trade- 
winds  do  not  consist  of  a  narrow  band  of  matter,  but  of  a  constant 
stream  of  large  volume ;  consequently,  although  we  may  imagine  a 
small  portion  of  the  trade-winds  to  reach  the  point  of  resistance 
just  described,  the  larger  part  could  in  no  way  reach  this  point. 
Now,  by  the  laws  of  flowing  force  fully  discussed,  a  fluid  will 
uniformly  flow  to  the  points  of  least  resistance,  and  as  I  have  shown 
that  the  opposite  flowing  currents  are  resisted  at  all  points  but 
one,  we  must  conclude  that  the  whole  of  the  flowing  force  so  far  as 
the  equatorial  or  thermal  directions  of  its  momentum  is  conserved, 
will  be  directed  upwards,  as  before  discussed. 

e.  Taking  at  this  point  of  our  theory  two  flowing  fluids  brought 
to  a  plane  of  resistance  and  deflected  upwards,  we  may  follow  the 
components  of  force-direction  necessarily  engendered  thereby.  The 
first  impulse  of  the  resisted  elastic  fluid  being  directed  upwards,  from 
both  sides  of  the  heat  zone,  there  would  be  elevated  a  volume  of  air 
and  vapour,  but  we  cannot  imagine  that  this  would  be  raised  to 
an  uHlimited  height;  for  after  the  elevation  of  a  certain  volume 
of  the  flowing  mass,  the  weight  of  this  mass  alone  would  after- 
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a  pressure  upon  the  rising  current,  so  that  as  the 
atmosphere  was  constantly  elevated  it  would  form 
sistancc  to  further  elevation,  and  would  finally  have 
omentum  superior  to   gravitation.     Therefore   as  it 
irds  it  would  be  brought  at  a  certain  altitude  tO  a 

it  rises  it  is  constantly  expanding  by  the  minus  sur- 
lUres  and  its  power  of  elastic  extensibility  (4  prop,  c), 
5  expansion  it  overcomes  the  resistance  of  the  sur- 
al matter,  and  at  a  certain  eicvated  position,  when 
to  a  state  of  vertical  equilibrium,  it  rests  upon  the 
elow  as  a  pressure  of  static  mass,  in  a  similar  manner 
the  oppositely  directed  horizontal  forces,  just  men- 
he  inflowing  currents  from  north  and  south  to  equili- 
equator  at  the  surface  of  the  globe. 
seen  by  the  causes  offered  above,  that  we  have  finally 
or  a  mass  of  quiescent  aerial  matter  whose  inertia 
Jic  flowing  force  of  currents  by  compression  upon  its 
In  this  we  have  not  a  mere  plane  of  resistance  at 
oint,  but  an  extensive  volume  which  becomes  in  a 
1  equilibrium  of  inertia  to  the  inflowing  forces  of  the 
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thermal  zone.  Upon  this  ring-like  conoid  of  resistance,  inflowing 
aerial  fluids  after  deflection  at  the  tropical  surface  attain  a  certain 
altitude,  and  are  again  deflected  by  conic  resistance,  so  that  they 
overflow  by  a  circuit  from  the  point  of  original  projection,  and  induce 
thereby  a  circumscribing  biwhirl  system. 

i.  Taking  the  whole  of  the  conditions  above  given,  and  assuming 
any  possible  inert  volume  of  air  laterally  contiguous  to  the  directly 
rising  aerial  fluids  situated  outwards  from  the  position  of  the  more 
active  upward  thermal  projections,  such  fluids  will  be  affected  by 
adhesion  to  the  rising  motive  currents  acting  tangentially  upon 
them  as  before  considered  for  liquids,  149  art  Therefore  if  we 
assume  a  static  volume  of  air  to  exist  laterally  above  the  under- 
current of  flowing  force  exterior  to  the  heat  zone,  such  a  volume 
will  be  moved  tangentially  by  the  constancy  of  the  undercurrent, 
it  will  also  be  moved  in  relation  to  its  centre  of  inertia  in  the  same 
direction,  tangentially,  by  the  constant  friction  of  the  upturned 
deflection  of  the  undercurrent,  and  in  like  manner  by  the  constant 
overflow  from  causes  given,  supposing  these  forces  so  far  to  circum- 
scribe the  centre  of  inertia  of  the  lateral  mass. 

/  Under  the  above  circumstances  active  in  inducing  whirl 
systems  by  tangential  force,  of  motive  parts  of  the  system,  whose 
tangential  moments  may  complete  the  whirl  for  an  entire  circuit 
by  their  separate  impulses,  with  such  deflections  as  the  many 
correlative  conditions  bring  about,  I  will  now  endeavour  to  show 
dia^rammatically,  by  representing  the  entire  phenomena  under 
certain  limited  conditions. 


Fig.  it6.— IKnETttB  of  Anial 


E  Q.  Position  of  the  thermal  equator  towards  which  inflowing  cur- 
rents move  from  circumpolar  areas. 

U,  U'  Undercurrents  of  flowing  force  having  the  greatest  density 
and  mass  velocity  at  U'U'. 
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ed  undercurrents  moving  upon  tlie  area  of  greatest 
r   over    E  Q    by   which   they    take    vertical    direc- 

rrents,  deflected  by  the  aerial  matter  raised  by  vcrti- 
is  V  C  upward  to  form  a  superior  cone  of  resistance; 
iction  being  constant  until  the  matter  raised  against 
action  equals  the  force  of  projection.     The  greatest 
astic  force  remaining  in  continuity  of  projection  at 
Don  the  whirl  systems  induced  by  the  now  inward, 
■erflowing  exterior  forces, 
of  inertia  to  tlie  lateral  whirls. 

ovc  scheme  I  have  intentionally  left  incomplete  the 
t  will  be  seen  that  the  motive  effects  offered  would 
iccount  for  three  sides  of  such  a  whirl,  but  we  may 
f  the  circumferential  resistance  upon  the  fourth  side 
d  the  general  resistance  of  tlic  motive  system,  that 
momentum  of  the  other  three  sides  in  moving  a 
/stem  upon  its  centre  of  inertia  will  carry  the  circum- 
ntum  over  the  fourth  side;  there  is.  however,  on  the 
;  of  the  whirl  a  special  form  of  resistance  necessary 
d.  which  is  found  in  that  we  have  in  the  descending 
irl  at  \V,  the  tangential  forces  of  the  motive  parts 
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system  not  entering  the  whirl,  but  causing  it  to  extend  the  over- 
flowing currents  possibly  into  polar  regions. 

155.  Influences  of  vapour  force  and  condensation  upon  the. 
equatorial  aerial  biwhirl  system. 

a.  In  reconsidering  the  action  of  the  expansive  force  heat,  in  the 
terrestrial  aqueous  vapour  system;  I  have  already  observed,  117 
art,  that  vapour  possesses  special  functions  of  vertical  lifting  force 
derived  from  the  expansion  of  water  to  nearly  1000  times  its  volume 
at  an  average  tropical  heat  and  pressure.  This  vapour  may  there- 
fore be  considered,  upon  its  production,  to  consist  of  new  matter, 
which  replaces  an  equal  volume  of  air,  as  before  stated,  since  we  do 
not  find  that  it  is  chemically  absorbed  in  any  way  by  the  air;  for  if 
this  were  the  case,  the  air  would  be  of  greater  specific  density  by  the 
intrusion  of  vapour,  whereas  it  is  really  of  less. 

d.  It  is  very  probable,  that  over  oceans  the  evaporating  force 
varies  directly  as  the  verticality  of  the  sun's  rays  falling  upon  the 
surface  of  water  exposed  to  its  direct  heating  eifects,  and  inversely 
as  the  humidity  of  the  air  above  it  In  equatorial  regions  we  may 
entirely  neglect  all  functions  of  humidity  of  the  air,  as  the  diather- 
macy  of  the  atmosphere  appears  almost  entirely  to  depend  upon 
the  deficiency  of  humidity;  so  that  possibly  there  will  be  little 
difference  in  entire  elastic  force  derived  from  the  sun's  rays,  whether 
the  atmosphere  be  moist,  and  the  sun's  heat  be  retained  to  expand 
the  moisture  or  cloud  to  elastic  vapour ;  or  dry,  so  that  it  evaporates 
the  surface  water  directly;  as  in  either  case  it  engenders  an  elastic 
aerial  system  over  one  area  that  acts  possibly  as  an  equal  force  of 
aerial  extension  in  both. 

c.  The  small  declination  of  the  sun's  rays  possible  over  an 
equatorial  band  extending  from  10  to  20  degrees,  will  leave  this 
zone  approximately  equal  throughout,  in  its  vapour-elevating  force ; 
the  deflection  of  uprising  currents  would  therefore  occur  generally 
before  they  reach  this  area  of  greatest  intensity  of  heat-force  by 
the  iw/«»«of  inflow  of  the  lower  surface  currents.  I  think  from  this 
cause  it  is  extremely  probable  that  the  vapour  raised  within  the 
limits  of  an  equatorial  band  of  about  20  degrees  is  not  deflected 
considerably  to  overflow,  but  that  the  vapour  rises  to  a  point  of 
saturation,  and  forms  a  resistance  to  inflowing  currents,  being 
for  the  most  part  condensed  to  water  over  the  same  area  when  the 
vapour  pressure  exceeds  the  elastic  thermal  force  of  the  average 
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om  penetration  of  the  sun's  heat  through  it,  to  the 
of  evaporation  beneath.  This  leaves  the  position  of 
jirents,  exterior  to  the  equatorial  band  proposed  of 
e  surface  of  the  globe.     The  direct  lateral  impulses. 

carry  the  inflowing  currents  much  nearer  together 
ted  position,  where  the  earth's  superficial  resistance 
It,  so  that  they  may  possibly  approach  at  the  eleva- 
lospheric  altitude  of  projection  to  within  possibi}' 
s  of  each  other.     Therefore  the  evaporation  taking 

within  the  cone  of  impression  V  C.  Fig.  176,  would 
he  earth  as  rain  in  the  vicinity  of  its  elevation. 

fFccts  of  condensation  of  overflowing  vapour, 
at  derived  from  the  sun  is  a  constant  diurnal  force, 
pour  retains  radiant  heat  in  an  exceptional  degree 
.■  slightly  diathermous;  it  is  most  probable  that  the 
sphere  in  rising  in  the  manner  described,  will  fully 
lastic  force  in   its  vapour  system  as  a  perfect  gas 
an  under  less  compression  when  rising  directly  in 
0  that  no  condensation  to  c/ottd  may  occur  from  the 
ig  daytime  in  tropical  areas.     Now,  in  the  area  over 
there  is  an  overflow,  that  is,  not  the  tropical  area  of 
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the  elastic  forces  of  air  and  vapour,  we  find  that  the  air  diminishes 
in  volume  in  approximately  equal  ratio  for  equal  loss  of  heat; 
whereas  on  the  other  hand,  the  condensation  of  vapour  is  nearly 
instantaneous  for  such  volume  of  the  vapour  as  may  be  converted 
into  cloud  or  water;  therefore  the  loss  of  elastic  force  in  the  vapour 
system,  supposing  this  to  proceed  in  regular  proportion  to  distance 
from  the  thermal  equator,  would  be  in  a  much  higher  ratio  than 
that  of  the  air,  and  although  the  condensation  of  the  vapour  would 
release  a  certain  amount  of  heat-force  which  would  be  communi- 
cated to  the  air  to  increase  its  elasticity,  yet  as  the  angle  of  declin- 
ation of  the  sun  from  the  thermal  equator  became  greater,  this 
force  would  be  constantly  lost  in  a  much  higher  ratio  by  radiation 
into  space,  as  before  stated. 

c.  Further,  we  can  imagine  that  at  a  certain  angle  of  declination 
to  the  thermal  equator,  the  aerial  and  vaporous  system  would  lose 
elastic  or  heat-force  and  form  visible  cloud.  That  at  this  area  the 
sun's  heat  being  shaded  from  all  lower  strata  of  vaporous  air  in 
the  same  system,  that  rapid  condensation  would  occur  beneath  the 
cloud,  the  direct  influence  of  the  sun's  ray  being  taken  from  the  entire 
intervening  space  between  cloud  and  earth ;  so  that,  if  we  imagine 
some  latitude  temperature  whereupon  a  cloud-covered  area  could 
rest  there  would  be  by  the  causes  discussed,  here  constant  conden- 
sation into  which  the  sun's  rays  could  not  penetrate  to  preserve  the 
elastic  force  in  the  lower  stratum  of  vapour.  In  such  an  assumed 
area  of  condensation  from  the  immediate  minus  pressure  that  the 
condensation  would  produce,  less  resistance  would  be  offered  to 
the  downflow  of  the  overflowing  vapour,  which  would  be  drawn  in 
to  make  good  the  loss  of  elastic  force  by  condensation  from  the 
nearest  direction.  Further,  by  this  means,  every  overflowing  influx 
of  aqueous  vapour  to  this  area  would  be  retained  as  cloud,  so  that 
the  area  of  condensation  would  be  upon  the  above  principle  some- 
what definite  in  locality  in  a  certain  latitudinal  position,  where  we 
should  have  such  an  amount  of  vapour  saturation  in  the  air  as 
could  no  longer  be  maintained  in  the  vaporous  or  cloud  system, 
but  must  fall  as  rain. 

d.  The  conditions  previously  discussed  for  the  continuity  of  an 
aerial  system  from  equatorial  to  polar  r^ions,  would  be  active  for 
purely  aerial  forces  only  in  dry  air,  and  the  vapour  forces  would 
fall  far  short  of  the  polar  area,  for  condensation  of  the  laigest  amount 
of  vapour  in  moist  air;  as  such  vapour  forces  would  not  be  able  to 
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;lastic  gaseous  systems  for  the  greater  part  of  the 
ley  embody,  very  far  from  the  tropical  area  where 
apidly  lose  its  sustaining  force  upon  them.     There- 
force  of  vapour  projection  would  be  nearly  lost 
sive  condensation  of  vapour  that  would  occur,  and 
duced  by  the  condensation  would  not  only  cut  off 
)rce  of  the  overflowing  currents,  but   would  retard 
awing  projections  beyond,  and  induce  them  largely 
ivitation  forces  of  the  condensed  cloud  system  that 
L-ing  locally  into  rain.     Under  the  above  conditions 
as  proposed,  at  a  certain  distance  from  the  equator 
'isation,  which,  if  all  forces  were  equal  upon  the  sur- 
,  would  surround  the  tropics  as  a  band  on  both  sides. 
cvertheless  imagine  that  if  there  were  any  specific 
isation  in  any  part  of  such  a  band,  as  for  instance 
5f  greater  declination  to  the  sun's  rays,  this  would  be 
;r  proportional  terrestrial  radiation,  and  the  conden- 
ncentrate  particularly  near  such  position.     Further. 
ea.  whether  wide  or  local,  the  overflowing  vapour 
s  clastic  resistance,  would  be  directed  by  the  sur- 
d  gaseous  expansion,  and  the  vapour  condensation 
itantaneous,  aerial  forces  from  polar  directions  as 
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tures,  but  this  I  am  unable  to  follow.  I  presume  from  geogra- 
phical observations  it  occurs  at  about  thirty  degrees  of  latitude 
from  the  thermal  equator  for  the  time;  being  influenced  also  by 
the  local  radiational  force  of  the  area  upon  which  the  system  is 
superimposed  which  makes  it  one  of  greater  or  less  latitude. 

h.  One  matter  in  the  above  is  important,  namely,  that  by  the 
superior  weight  of  vapour  condensed  to  water  or  cloud  over  gaseous 
vapour,  the  condensation  produces  a  descending  area  or  causes  de- 
scending currents.  The  condensations  offering  at  the  same  time  space 
for  the  presence  of  such  by  contraction.  Further,  the  rain  system 
produced  by  condensation  drags  a  certain  volume  of  air  by  adhesion 
downwards  with  it.  We  may  thus  imagine  that  the  whirl  system, 
shown  Fig.  176,  page  439,  would,  by  the  addition  of  a  descending 
force,  on  its  polar  side  be  completed -in  an  elongated  ovoid  form,  ter- 
minating  at  about  30  degrees  of  latitude;  for  we  have  now  by  this 
descending  force  the  four  sides  of  our  whirl  supported  by  active  tan- 
gential action.  Further,  we  have  in  such  a  whirl  by  the  continuity 
of  flowing  forces  a  system,  which  once  induced,  would  support  the 
continuity  of  the  weaker,  that  is,  the  descending  side  of  the  whirl, 
that  would  bring  about  continuity  of  whirl  projection,  even  when  the 
descending  force  was  very  weak,  or  possibly  even  at  times  slightly 
negative.  In  this  manner  the  whirls  proposed,  154  art.  shown  at  W, 
Fig.  176,  are  rendered  so  far  complete  that  a  large  element  of  the 
whirl  motion  would  be  continuous  in  areas  lateral  to  the  equator 
extending  30  degrees  N.  or  S.,  more  or  less  according  to  local  and 
seasonal  conditions  over  every  area  where  evaporation  was  suflS- 
ciently  active  to  nearly  saturate  the  air. 

/.  We  must,  however,  in  the  above  conception  observe  that 
the  fourth  side  of  our  whirl  moves  constantly  to  denser  air  as  it 
descends,  as  before  shown,  by  which  although  the  air  and  vapour 
may  be  assumed  to  constantly  change  density  from  resistance  to 
resistance  downward  as  the  flowing  force  is  impressed,  nevertheless 
the  resistance  encountered  by  the  lower  air  is  a  constantly  retarding 
force,  and  it  is  therefore  only  by  condensation  of  the  vapour  to 
water  that  it  gains  sufficient  gravitative  impulse  to  enable  it  to  be 
pulled  through  the  complete  whirl  system. 

y.  Under  the  above  conditions  it  is  most  probable  that  the  re- 
sistant descending  side  W,  Fig.  176,  of  the  whirl  generally  forms  a 
conoid  of  impression  and  divides  against  the  resistance  of  the  denser 
air,  so  that  a  biwhirl  is  again  formed  upon  the  resistance  of  the  earth's 
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sations  will  upon  the  whole  engender  or  pull  forward  a  general 
flow  of  air  in  the  same  direction ;  by  contraction  of  bulk  in  propor- 
tion to  the  extent  of  the  elastic  vapour  force  still  retained.  This 
will  partly  account  for  the  direction  of  aerial  surface  currents  north- 
ward by  contraction  upon  the  cold  surface  of  the  globe. 

I.  'By  the  conditions  of  descending  visible  cloud  currents,  we  have 
not  the  necessity  of  the  descending  region  being  a  more  rainy 
one  than  contiguous  parallels  of  latitude,  in  fact  there  are  some 
reasons  that  it  should  be  less  so,  unless  the  downflowing  current 
meet  a  cool  surface.  This  is  seen  in  that  the  downward  pressure 
upon  the  air  would  increase  its  elastic  force  in  such  a  manner 
that  it  would  be  able  to  maintain  proportionally  more  vapour,  so 
that  the  vapour  would  not  be  condensed  until  this  pressure  was 
somewhat  released  by  lateral  deflection  and  expansion. 

m.  It  is  also  necessary  to  limit  the  extreme  projection  of  a  vapour 
system  under  condensation,  as  considered  above,  to  oceanic  areas 
where  continuous  evaporation  is  possible  to  support  it  Thus  it 
would  be  materially  interfered  with  by  such  extensive  tracts  of 
desert  as  occur  in  parts  of  Asia  and  Africa  where  the  dry  land  area 
is  for  a  considerable  distance  continuous.  Indeed  in  this  case  we 
must  for  the  most  part  omit  the  consideration  of  the  condensation 
aqueous  system  altogether,  as  the  air  is  so  much  under  saturated 
that  it  maintains  its  vapour  as  a  purely  aerial  system  whose  over- 
flow and  underflow  may  extend  from  polar  to  equatorial  regions 
upon  principles  discussed,  art  40. 

«.  We  have  evidence  in  several  instances  of  the  purely  aerial 
system  being  persistent  by  continuity  of  overflow.  Thus,  over  the 
great  mass  of  northern  land  forming  Asia,  and  by  continuity  in  a 
north-easterly  direction  of  the  larger  portion  of  Africa,  which  im- 
mense district  has  but  the  small  discontinuity  from  the  presence  of 
inland  seas  which  are  not  extensive.  Here  it  is  said  that  the  north- 
easterly winds  which  take  the  direction  of  the  oceanic  trades  flow 
continuously  during  the  time  that  the  sun  is  north  of  the  equator. 
There  is  no  doubt  that  this  inflow  is  mainly  due  to  the  expansion  of 
air  only  by  the  sun's  heat  being  now  greatest  upon  northern  areas, 
but  the  fact  that  the  same  winds  do  not  uniformly  traverse  equally 
oceanic  areas  is  due  to  the  presence  of  vapour,  which  must  be  mani- 
festly increased  in  air  traversing  an  entire  area  of  constant  evapora- 
tion. The  aerial  system  is  therefore  one  of  greater  amplitude  in 
proportion  as  its  mass  is  more  dry,  so  that  we  have  not  over  land 
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:a[  whirl  complete  in  about  the  30th  parallel  of  latj- 
/erflow  continues  as  a  purely  density  system  until  its 
reduced  by  radiation  in  the  polar  regions,  upon  prin- 
.  140  art. 

;eting-place  of  oppositely  directed  aerial  fluids 
itor  is  not  an  area  of  great  atmospheric  pres- 
1  contiguous  areas  are  so. 

■een  by  previous  discussion  tliat  altliough  the  locality 
r  the  equator  for  inflowing  aerial  currents  is  an  area 
nd  therefore  of  more  compressed  air  at  the  earth's 
.  soon  as  the  inflowing  air  is  deflected  by  the  resist- 
timate  verticality,  that  the  direction  now  taken  by 
lir  would  project  it  upwards;  therefore,  although  the 
1  upon  tlte  globe  would  suffer  lateral  compression, 
TOuld  at  the  same  time  tend  to  remove  a  part  of  the 
re  above  the  area  of  deflection  by  the  upward  direc- 
flowing  lateral  currents.   Thus  the  locality  of  opposite 
d  not  be  a  paralk!  of  greater  aerial  pressure  upon  the 
tie  direction  of  deflected  forces  might  possibly  be  one 
though  of  the  largest  amount  of  superimposed  aerial 
i  is  important  it  may  be  useful  to  explain  the  prin- 
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points  C  and  C.  Pressures  at  the  equatorial  area  A  being  pro- 
portionally less.  This  is  evidently  the  actual  condition,  and  I 
assume  the  principal  cause  of  minus  atmospheric  pressure  observ- 
able near  the  equator. 

158.  Effects  of  the  earth's  rotundity  upon  aerial  fluids  in- 
flowing towards  the  equator. 

a.  In  flowing  fluids  we  have  heretofore  considered  the  flowing 
force  as  following  the  outline  of  the  earth's  surface;  it  is  quite 
evident  by  natural  laws  that  material  bodies  can  only  flow  in  this 
direction  by  deflection  under  the  force  of  gravitation,  as  we  are  fully 
assured  that  it  is  the  property  of  all  bodies  impelled  with  any  force 
to  proceed  in  direct  lines.  Therefore  there  is  a  constant  tendency 
in  a  horizontal  projectile  fluid  to  move  tangentially  to  its  last' 
horizontal  position  on  the  earth,  which  will  influence  it  to  move  in 
an  upward  direction.  By  the  same  causes  currents,  in  proportion 
to  the  mass-velocity  of  flowing  matter  they  contain,  will  have  a  ten- 
dency to  tangential  projection,  except  as  they  are  withheld  to  the 
earth's  surface  by  gravitation. 

d.  Now,  an  aerial  fluid  in  flowing  towards  the  equator  will,  as 
before  shown,  be  constantly  under  the  influence  of  the  expansive 
force  of  the  sun's  rays,  therefore  as  its  projection  continues  gravita- 
tion forces  become  less  per  volume,  and  supposing  the  globe  covered 
with  an  equally  dense  aerial  fluid  at  every  point,  the  expanding 
fluid  will  flow  with  less  resistance  in  direct  tangential  line  to  its 
previous  position;  every  possible  deflection  being  equal  to  a  certain 
amount  of  resistance.  The  influence  of  the  above  conditions  never- 
theless form  only  a  small  component  of  directive  forces  in  inflowing 
currents,  from  the  constancy  and  equality  of  gravitation. 

159.  Effects  of  radial  velocity  upon  vertical  aerial  and 
vapour  systems. 

a.  The  latitude  velocity  carrying  displaced  aerial  matter  in  cur- 
rents has  been  already  discussed  in  i^j  art.  for  the  horizontal 
motion  of  these  currents.  In  the  above  considerations  of  vertical 
currents  I  have  neglected  the  influence  of  the  constantly  active 
force  derivable  from  the  rotation  of  the  globe,  for  simplicity  of 
demonstration,  the  effects  of  which,  added  in  all  cases  to  the  direc- 
tions of  the  overflowing  and  underflowing  currents  given,  should 
complete  the  directions  of  the  projection  of  aerial  matter  upon  the 
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al  whirl  complete  in  about  the  30th  parallel  of  lati- 
'erflow  continues  as  a  purely  density  system  until  its 
-educed  by  radiation  in  the  polar  regions,  upon  prin- 
,  140  art. 

:eting-place  of  oppositely  directed  aerial  fluids 
itor  is  not  an  area  of  great  atmospheric  pres- 
contiguous  areas  are  so. 

een  by  previous  discussion  that  altliough  the  locality 
-  the  equator  for  inflowing  aerial  currents  is  an  area 
nd  therefore  of  more  compressed  air  at  the  earth's 
soon  as  the  inflowing  air  is  deflected  by  the  resist- 
:imate  verticality,  that  the  direction  now  taken  by 
ir  would  project  it  upwards;  therefore,  although  the 
1  upon  the  globe  would  suffer  lateral  compression, 
rould  at  the  same  time  tend  to  remove  a  part  of  the 
■c  above  the  area  of  deflection  by  the  upward  direc. 
Flowing  lateral  currents.    Thus  the  locality  of  opposite 
d  not  be  a  parallel  of  greater  aerial  pressure  upon  the 
iie  direction  of  deflected  forces  might  possibly  be  one 
though  of  the  largest  amount  of  superimposed  aerial 
is  important  it  may  be  useful  to  c.vplain  the  prin- 
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points  C  and  C.  Pressures  at  the  equatorial  area  A  being  pro- 
portionally less.  This  is  evidently  the  actual  condition,  and  I 
assume  the  principal  cause  of  minus  atmospheric  pressure  observ- 
able near  the  equator. 

158.  EfTects  of  the  earth's  rotundity  upon  aerial  fluids  in- 
flowing towards  the  equator. 

a.  In  flowing  fluids  we  have  heretofore  considered  the  flowing 
force  as  following  the  outline  of  the  earth's  surface;  it  is  quite 
evident  by  natural  laws  that  material  bodies  can  only  flow  in  this 
direction  by  deflection  under  the  force  of  gravitation,  as  we  are  fully 
assured  that  it  is  the  property  of  all  bodies  impelled  with  any  force 
to  proceed  in  direct  lines.  Therefore  there  is  a  constant  tendency 
in  a  horizontal  projectile  fluid  to  move  tangentially  to  its  last' 
horizontal  position  on  the  earth,  which  will  influence  it  to  move  in 
an  upward  direction.  By  the  same  causes  currents,  in  proportion 
to  the  mass-velocity  of  flowing  matter  they  contain,  will  have  a  ten- 
dency to  tangential  projection,  except  as  they  are  withheld  to  the 
earth's  surface  by  gravitation. 

b.  Now,  an  aerial  fluid  in  flowing  towards  the  equator  will,  as 
before  shown,  be  constantly  under  the  influence  of  the  expansive 
force  of  the  sun's  rays,  therefore  as  its  projection  continues  gravita- 
tion forces  become  less/^r  volume^  and  supposing  the  globe  covered 
with  an  equally  dense  aerial  fluid  at  every  point,  the  expanding 
fluid  will  flow  with  less  resistance  in  direct  tangential  line  to  its 
previous  position;  every  possible  deflection  being  equal  to  a  certain 
amount  of  resistance.  The  influence  of  the  above  conditions  never- 
theless form  only  a  small  component  of  directive  forces  in  inflowing 
currents,  from  the  constancy  and  equality  of  gravitation. 

159.  Effects  of  radial  velocity  upon  vertical  aerial  and 
vapour  systems. 

(u  The  latitude  velocity  carrying  displaced  aerial  matter  in  cur- 
rents has  been  already  discussed  in  137  art.  for  the  horizontal 
motion  of  these  currents.  In  the  above  considerations  of  vertical 
currents  I  have  neglected  the  influence  of  the  constantly  active 
force  derivable  from  the  rotation  of  the  globe,  for  simplicity  of 
demonstration,  the  effects  of  which,  added  in  all  cases  to  the  direc- 
tions of  the  overflowing  and  underflowing  currents  given,  should 
complete  the  directions  of  the  projection  of  aerial  matter  upon  the 
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icussion  of  the  active  principles  of  latitude-velodties 
movement  of  the  aerial  system  will  now  need  our 
for   a   few  particulars  only,  that  the  discussion  of 
rcctions   of   vertical    currents    have    now   rendered 
ilation  to  tlie  surface  of  the  globe  over  which  these 
:  has  already  been  shown  that   by  thermal   forces 
,ve  a  rising  force  over  tropical  areas;  there  is  also 
tion,  that  as  aiirial  fluids  rise  from  this  region,  the 
from  the  centre  of  the  earth  will  also  increase;  thus 
d  projection  from  thermal  effects,  the  circumferential 
es  relatively  less,  and  in  this  we  have  an  additional 
rnly  drifts  increasing  with  elevation.     It,  therefore, 
by  composition  of  these  force-directions,  that  there 
I  tendency  for  aerial  fluids  to  take  an  oblique  upward 
:  tropics,  vjestward from  the  surface  of  tlu  globe. 
hesc  causes,  if  the  earth  were  an  equally  frictional 
lution,  and   equatorial  whirls  were  engendered   by 
■d,    116  art,  and  by  condensations,   117  art,  such 
mplctcd,  then  we  should  have  surrounding  the  globe 
piral  whirls,  whose  motive  planes  would  be  oblique, 
;stward  towards  tlie  equator,  and  falling  to  the  east- 
the  polar  area.     The  equatorial  zone  by  conditions, 
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of  contact  upon  this  resistance,  and  overflowing  currents  that  are 
deflected  from  it,  as  they  overflow,  take  so  much  of  the  revolution 
momentum  of  the  equatorial  band,  or  plus  velocity  to  the  latitude 
into  which  they  now  overflow,  that  they,  relatively  to  the  earth's 
latitude-velocity  in  moving  towards  polar  areas,  possess  in  overflow- 
ing, a  strong  easterly  drift. 

d.  By  the  whole  of  the  conditions  given  above,  it  will  be  seen 
that  the  inflowing  currents,  as  they  first  rise  in  space,  have  a  strong 
minus  momentum  to  the  greater  circumference  and  latitude- 
velocity  of  the  earth,  so  that  they  rise  with  a  westerly  drift  That 
this  drift  is  finally  and  gradually  lost  by  friction  on  a  static  equa- 
torial band;  whereas  thermal  .impulses  being  continuous,  these,  in 
overflowing  outwards  from  equatorial  latitudes  after  a  certain  dis- 
tance from  the  equator,  have  their  direction  reversed  relative  to  the 
latitude-velocity  of  their  new  position  so  as  to  take  an  easterly 
course. 

160.  Influence  of  land  resistances  upon  vertical  atmospheric 
currents  under  displacement. 

a.  As  the  conditions  of  land  resistance  vary  according  to  locality, 
I  will  discuss  this  matter  for  one  area  only;  and  that  upon  general 
principles,  omitting  many  details  that  evidently  represent  active 
forces  in  the  system. 

b.  By  the  disposition  of  land  and  water  I  have  pointed  out  the 
probability  of  there  being  established,  two  great  horizontal  whirl 
systems  in  the  northern  hemisphere;  the  movements  of  which  are 
particularly  shown,  140  art.  In  this  case  the  direction  of  moun- 
tainous land  on  the  north-eastern  coast  of  South  America  was 
shown  to  materially  influence  the  deflection  of  equatorial  horizontal 
currents  in  the  North  Atlantic  area.  Now,  we  can  imagine  that  the 
same  influence  would  also  deflect  the  westerly  vertically  directed 
currents,  as  previously  discussed ;  that  is  to  say,  that  a  given  resist- 
ance, as  a  mountain,  situated  in  a  direct  flowing  current,  would  not 
only  deflect  the  current  round  its  sides,  but  by  its  inclination,  up- 
wards as  well.  Therefore,  such  mountainous  land  opposed  to  the 
westerly  directed  rising  currents  would  give  these  currents  greater 
inclination  to  rise,  so  that,  especially  near  the  eastern  coasts  of  con- 
tinents that  resist  the  equatorial  currents  proceeding  from  oceanic 
areas,  the  whirl  plane  would  be  thrown  upwards  obliquely  by  such 
land  resistance. 
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re  some  further  conditions  which  establish  the  locality 
ic  plane,  as,  for  instance,  in  the  North  Atlantic,  by 
have  pointed  out  in  144  art.  of  the  natural  frictional 
hat  must  occur  at  the  meeting  of  two  whirl  systems 
ion  of  land  resistance.    In  this  case,  at  about  the  region 
)can  Sea,  I  have  shown  that  there  will  be  a  reflex  whirl 
lific  system  which  will  fill,  as  it  were,  the  interspace 
Pacific  and  Atlantic  whirl  systems.     This  reflex  whirl 
-d  a  in  the  diagram,  Fig.  168.     If  such  a  coniplement- 
st  it  forms  a  further  resistance  to  the  direct  projection 
ly  drift  of  the  rising  and  overflowing  equatorial  current; 
cause  greater  deflection  and  produce  further  elevation 
causes  previously  discussed  of  land  resistance  only. 
is  possible  that  the  whole  plane  of  the  N,  Atlantic  whirl 
lese  causes,  is  thrown  oblique,  having  its  highest  point 
ver  the  Gulf  of  Mexico,  and  its  lowest  about  the  Azores; 
lomentum  of  the  downward  aerial  drift  may  be  per- 
is barometrical  pressure,  as  before  stated. 
love  assumption  of  an  oblique  whirl-plane,  does  not 
,it  there  will  not  be  also  surface  whirls,  as  previously 
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certain  strata  of  the  air  only  to  take  a  smaller  and  differently 
directed  area  of  projection. 

e.  The  purely  aerial  forces  are  completed  in  the  plane  of  gravita- 
tion equilibrium  suffering  possibly  deflection  to  whirl-current  lines 
above  the  areas  of  vapour  condensation,  maintaining  at  the  same 
time,  by  bifurcation,  their  direct  projections  over  dry  land  areas  in 
the  direct  whirl  lines  proposed,  140  art.,  aerial  forces  being  deflected 
to  the  earth  at  a  much  greater  distance  from  the  equator  than  the 
vaporous. 

/.  The  principles  of  this  oblique  plane  of  aerial  motion  under  the 
influence  of  vapour  forces,  for  the  North  Atlantic  area,  may  be 
represented  roughly  by  the  diagram  Fig.  179  where  the  dotted  line 
represents  the  equatorial  surface.  The  directions  of  forces  shown 
about  the  arrow  under  A  are  represented  impinging  upon  the  area 
of  resistance  of  American  coast  towards  B,  shown  by  shading  to  the 
right,  here  meeting  also  the  reflex  whirl  above  B. 

^.  The  oblique  overflow  is  directed  downwards,  the  whirl  im- 
pinging upon  the  surface  of  the  globe  in  about  lat.  20°  N.,  long.  45** 
W.    The  superaerial  system  (Fig.  168)  not  being  here  shown. 

161.  Terrestrial  surface  resistance  to  winds. 

a.  By  the  general  adhesion  of  air  to  all  other  bodies,  its  move- 
ments over  the  earth  cause  a  deflection  of  flowing  forces  down- 
wards to  the  surface  in  whirls,  as  previously  discussed  for  other 
cases  of  side  resistance.  The  whirls  thus  formed  are  general  over 
every  kind  of  terrestrial  surface,  being  of  small  amplitude  ov6r 
still  water ;  of  greater  amplitude  over  rough  water  and  level  land, 
and  still  greater  over  irregular  hilly  land  and  in  front  of  obstructions 
upon  it,  as  of  mountains,  trees,  or  rocks.  This  frictional  deflection 
would,  therefore,  produce  whirls  of  rolling  contact  from  overflowing 
currents,  the  dimensions  of  which  would  vary  from  fractions  of  an 
inch  to  several  hundred  or  thousand  feet,  according  to  the  velocity 
of  the  current,  and  obstructions  capable  of  engendering  conic 
resistance,  the  general  conditions  of  which  will  be  the  same  as  those 
discussed,  98  prop.,  for  cohesive  and  adhesive  systems  of  fluid 
matter,  or  for  near  surface,  by  the  conditions  of  rolling  contact 
demonstrated,  46  prop.  6,  and  otherwise. 

6.  The  immediate  influence  of  resistance  to  aerial  currents  at 
the  earth's  surface  may  possibly  be  best  observed  by  the  direc- 
tive impulse  that  the  air  gives  to  the  drops  of  falling  water  in 
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;  drops  tliemselves  being  drawn  down  directly  by 
I  motive  impulse  of  the,  wind  enters  into  composition 
Ition.     In  this  manner,  supposing  the  air  in  currents 

(form  velocity  at  a  certain  height  and  at  the  earth's 
;  the  air  increases  in  densitj',  and  consequently  in 

Iqual  velocity,  the  falling  drop  near  the  earth's  surface 

■erated  by  gravitation  about  in  equal  proportion  to 

n  density  or  momentum  of  the  air,  so  tliat  its  fall 
hue  in    a   nearly   direct   line.      But   if  the  earth's 

Buctions  thereon  offer  resistance  to  the  current  so  as 
Ithe  paths  of  the  drops  become  By  this  cause  para- 
Bir  nevertheless  by  its  momentum  could  not  deflect 

lo  its  own  curvature,  but  only  as  the  impulse  of  its 

In  the  surface  of  the  drop. 
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side  most  direct  to  the  wind.  The  rain  and  wind  drifted  also  up  the 
dome,  moving  evidently  by  rolling  contact;  this  could  be  clearly 
made  out  by  observation. 

e.  It  is  possibly  to  this  cause  we  owe  the  greater  amount  of 
rainfall,  that  has  been  observed  to  take  place,  at  a  position  a  certain 
height  from  the  ground  than  at  a  few  feet  higher.  This  Sir  John 
Herschel  mentions  in  his  "Meteorology"^ — that  Dr.  Heberden  found 
in  twelve  months  from  July  7,  1766  to  July  7,  1767  the  amount  of 
rainfall  at  the  top  of  Westminster  Abbey  to  be  only  12*099  inches, 
while  at  the  top  of  a  house  close  by,  much  inferior  in  altitude,  it  was 
181 39,  and  on  the  ground  22*608  inches.  Thus  also  Mr.  Phillips 
found  the  fall  of  rain  at  York  for  twelve  months  in  the  year  1833-4, 
at  the  height  of  213  feet  from  the  ground,  to  be  14*963  inches, 
at  44  feet  19*853  inches,  and  on  the  ground  25706.  Similar 
phenomena  being  observed  at  Paris  and  elsewhere.  There  is  no 
information  as  to  position  of  lower  catchwaters  whether  exposed  to 
north  or  south.  Sir  John  Herschel  says,  **  The  effect  cannot  be  due  to 
obliquity  of  fall  at  higher  than  at  lower  level  since  the  same  quantity 
of  rain  must  fall  on  the  same  horizontal  surface  after  changing  its 
obliquity  as  before."  I  am  unable  to  see  the  force  of  this  argument 
generally,  but  understand  it  to  be  perfectly  true  for  an  infinite 
area  of  rainfall ;  but  rain  falls  for  the  most  part  locally  in  very  irre- 
gular quantities  and  varying  intensity,  and  by  the  general  principles 
I  have  demonstrated,  will  be  deposited  most  where  there  is  space 
for  incurvature  of  its  path  to  deflect  it  downwards.  This  may  be 
very  clearly  observable  frequently  with  snow,  which  we  may  take 
for  argument  sake  to  be  visible  rain,  although  of  less  density  in  pro- 
portion to  surface  exposed.  Snow  may  be  observed  in  windy  weather 
upon  hilly  lands  drifting  along  so  nearly  horizontally  that  the  land 
surface  is  left  quite  bare,  whereas  in  shady  places,  or  where  there  is 
greater  space  to  direct  whirls  downwards,  it  deposits  continuously. 
I  anticipate  also,  that  the  greater  deposit  in  the  extreme  cases  given 
by  Herschel,  there  would  in  all  instances  be  found  some  obstruction 
to  the  direct  action  of  the  wind  to  cause  local  whirls.  Further,  the 
same  observation  of  the  horizontal  direction  of  snow  just  given  may 
be  witnessed  in  the  case  of  rain  if  we  are  placed  in  a  lofty  exposed 
situation,  as  may  be  seen  by  the  horizontal  position  that  we  are 
compelled  to  carry  the  handle  of  an  umbrella  to  protect  ourselves. 

f.  With  a  perfectly  direct  rain,  falling  by  gravitation  without  wind, 

*  8th  Edition,  Encyclopedia  Britannica,  article  *'  Meteorology,**  §  109. 
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ere  will  be  little  difference  in  the  amount  that  falls 
1  surface,  unless  there  is  much  greater  difference  of 
1  the  instances  given  by  Hersche!.     On  mountainous 
:s,  which  possess  northern  radiational  fronts  by  the 
t   of  downward    deflected    whirls,   an    overflowing 
;nt  will  deposit  its  moisture  much  more  readily  here 

plain,  as  the  extent  of  resistance  would  destroy  the 
of  direct  horizontal  projection,  and  the  cool  surface 
intly  condense  overflowing  vapour, 
frequent  evidence  of  vertical  surface  whirls  in  hot 
;r,  when  this  is  accompanied  by  winds  which  blow  at 
tee  from  some  northerly  point.    In  such  cases,  clouds 
.',  move  from  a  southerly  point,  the  aerial  whirls,  of 
rm  a  part,  being  deflected   to  the  earth  in  a  more 
de.     The  northerly  wind  we  experience  is  the  reflex 
irl  or  counter  current.     In  such  cases  of  very  hot 
,  storms  commonly  follow  to  the  northward. 
onditions  also  occur  in  mountainous  countries  from 
ds,  which  by  whirl  deflections  overflow  in  such   a 
cold  saulherly  wind  is  experienced  upon  the  earth's 

positions  for  a  certain   time.     When  the  wind   is 
atant  and  regular  whirls  of  smaller  amplitude  are  pro- 
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taking  possibly,  if  the  land  is  unclouded,  an  approximately  equal 
time  for  equal  space  projection  in  the  upward  side  of  the  whirl  that 
it  takes  in  the  downward  side  over  the  oceanic  area. 

6.  I  anticipate  that  there  is  a  general  local  whirl  system  over 
every  land  surface  exposed  to  the  sun's  direct  rays,  and  that  the 
projectile  force  is  greatest  over  portions  of  land  which  present 
the  least  declination  to  the  sun.  The  deposition  of  dew,  so  satis- 
factorily accounted  for  by  Dr.  Wells,  I  think  might  possibly,  in 
certain  cases,  as  regards  its  amount,  be  due  to  the  reflex  action 
of  vertical  whirls  bringing  air  of  minus  temperature  charged  with 
vapour  by  return  whirl  currents,  at  sunset;  particularly  from  the 
sea.  We  may  further  observe  that  as  it  is  the  property  of  water  by 
convection  currents,  active  under  differences  of  temperature  through 
surface  radiation,  to  bring  about  a  constant  change  of  its  parts,  so 
that  the  warmer  or  lighter  parts  are  constantly  brought  near  the 
surface;  it  thus  follows  that  water  by  radiation  will  be  constantly 
giving  out  heat  to  colder  air,  should  this  exist  above.  Therefore  in 
winter  the  positions  over  the  sea  and  near  the  coasts  are  warmer 
than  inland.  By  the  same  conditions,  as  just  discussed  for  rising 
currents  over  land,  it  follows  that  at  certain  times  air  resting  upon 
warmer  open  water  will,  by  the  heat  it  acquires  from  the  water,  form 
rising  currents,  which  engender  by  their  tangential  action  whirl  pro- 
jection upon  the  more  static  air  overland,  and  thereby  produce 
overland  winds  and  rain  or  snow;  unless  such  whirls  are  otherwise 
deflected  by  forces  present,  as  by  the  influence  of  prevailing  winds 
along  the  coast. 

163.  Cyclones. 

a,  I  assume  all  atmospheric  motions  to  be  cyclonic  by  principles 
of  rolling  contact  and  conic  resistance,  fully  discussed.  Cyclones 
being  engendered  by  every  plus  or  minus  pressure  in  parts  of  the 
atmosphere  from  any  cause.  The  most  general  source  of  the  larger 
cyclonic  motions  of  the  atmosphere  is  most  probably  derived  from 
local  condensation  of  vapour  into  cloud  or  rain.  As  we  find  vapour 
condensations  from  contact  of  cool  currents  or  from  surcharged 
electricity  of  one  sign  are  sudden  from  the  point  of  saturated  air  to 
cloud;  in  like  manner,  from  the  same  cause,  cyclonic  propulsions 
are  generally  imptdsive,  and  resemble  exactly  in  principle  whirl 
projections  of  the  class  described,  6j  prop.  e. 

b.  In  tropical  latitudes,  the  vapour  and  atmospheric  projections 
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Y  in  an  upward  direction  to  the  westward,  as  before 
by  a  sudden   condensation  of  vapour   to  cloud,  a 

projection  of  the  more  easterly  vapour  area  towards 
ly  condensing  one,  and  the  concussion  of  meeting 
xical  discharges  with  immediate  downfall  of  rain. 
cal  or  temperate  latitudes  the  normal  conditions  of 
pour  forces  will   be  to  direct  currents  downward  to 
ihe  globe  (i 54  art.);  these  projections  being  thrown 
of  resistance  take  biwhirl  forms.     In  this  case  the 

of  the  biwhirl  is  carried  towards  areas  of  greater 
'Aly:    and   from    its   inclined   direction   being   east- 
latorial  side  of  the  biwhirl  may  be  suppressed,  from 
if  easterly  momentum  over  the  normal.   On  the  other 
ior,  or  polar  side  of  the  biwhirl  now  represented  by 
being  deflected  by  whirl  projection  to  latitudes  of  less 
ion  velocity,  thereby  ^(7(W  easterly  tnomcntum  so  that 
rce  is  increased.    From  this  cause  generally  winds  in 
1  rotate  from  right  to  left  in  the  northern  hemisphere, 
o  right  in  the  southern, 
c  action  there  is  a  general  tendency  of  the  cyclone  to 

the  polar  area  by  its  deflected  currents  impinging 

and  suffering  thereby  greater  condensation  upon  the 
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whirl  systems  would  be  formed,  which  would  remain  fixed  and  con- 
stant, the  vapour  these  whirls  carry  being  uniformly  condensed  at 
a  definite  area  of  deflection,  where  indraught  contact  would  be 
established  with  cooler  circulating  currents. 

164.  Hurricanes. 

a.  Hurricanes  occur  wfiere  there  is  tlie  greatest  extent  of  equatorial 
oceanic  projection  and  the  greatest  amount  of  resistance  from  western 
oceanic  boundary.  These  conditions  are  met  in  the  North  Atlantic, 
Indian,  and  North  Pacific  Oceans.  Similar  conditions  are  also  met 
with  in  the  Southern  Pacific  as  regards  oceanic  projection,  but  the 
resistance  of  land  being  imperfect  to  the  south  of  the  Eastern  Archi- 
pelago, from  New  Guinea  to  Australia ;  from  the  influence  of  Torres 
Strait,  the  southern  equatorial  projection  thus  loses  a  part  of  its 
impulse  and  adds  this  part  to  the  Indian  oceanic  system,  so  that 
we  have  here  no  considerable  hurricanes.  In  the  Southern  Atlantic 
the  equatorial  currents  are  deflected  by  open  oceanic  areas  towards 
the  northern  system  {126  art.),  and  thereby  lose  a  part  of  the 
southern  whirl  deflection,  such  as  would  naturally  be  produced  by  a 
normal  resistance  to  the  impulse  of  the  westerly  equatorial  current. 
Therefore  a  part  only  of  the  southern  equatorial  aerial  projection  is 
thrown  overland  in  moderate  cyclonic  action  to  greater  distance 
into  the  valley  of  the  Amazon,  so  that  this  can  scarcely  be  pointed 
to  as  a  region  of  hurricanes. 

b.  For  more  exact  conditions  it  will  be  convenient  to  take  one 
area  of  hurricane  projection  in  consideration.  The  area  of  which  wc 
possibly  know  most  is  over  the  North  Atlantic,  where  we  have 
the  record  of  so  many  hurricanes  that  we  may  fairly  depict  within 
wide  limits  the  average  hurricane  path. 

c.  If  we  accept  the  general  principles  I  propose  of  one  great 
ellipsoidal  whirl  system  being  active  partly  over  the  North  Atlantic 
area,  so  that  the  ellipsoidal  aerial  circulation  has  a  focus  approxi- 
mately in  about  lat.  33°  N.  and  long.  50°  W.,  and  that  a  comple- 
mentary cool  whirl  meets  this,  thrown  off  the  Pacific  system  about 
the  Caribbean  Sea;  the  meeting-place  becomes  at  the  time  of  con- 
densation of  the  western  equatorial  projection  upon  the  cool  whirl, 
one  of  minus  pressure.  This  condensation  by  contraction  of  mass 
increases  the  impulse  of  the  westerly  equatorial  aerial  drift,  and  as 
by  general  cohesion  the  whirl  system  continues  its  impulses  of 
induced  velocity  under  deflection  into  the  ellipsoidal  path,  it  carries 
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iward  into  the  Atlantic  Ocean;  throwing  off  certain 
force  tangentially  at  the  region  of  greatest  curvature, 
'.  interior  of  North  America. 

w  consider  the  conditions  of  overflowing  forces  only 
-th  Atlantic  area  in  about  30"  to  40°  N.  lat  we  have 
rhcory,  the  greatest    activity  of  overflowing  vapour 
ire  active  in  completing  the  overflowing  equatorial 
,).     Therefore  along  this  parallel,  assuming  sudden 
f  vapour  into  cloud  or  rain  to  occur,  we  have  at  the 
condensations  a  local  minus  pressure,  the  effect  of 
again,  as  by  causes  proposed  in  the  last  paragraph, 
diich   the  impulses  of  the  ellipsoidal  whirl  will  be 
ated   in  that  part  of  its  path  which  is  towards  tlje 
ion  of  the  ellipsoidal  system,  or  about  the  position  of 
in  Islands.     If  the  condensations  over  the  Caribbean 
c  equatorial  whirl  with  greater  force  at  certain  times 
nd  the  condensations  of  the  overflowing  whirl  are 
ime  periods,  we  have  then,  by  the  conditions  by  dif- 
il  pressures,  forces  capable  of  producing  a  hurricane. 
;auses  as  the  above  the  general  ellipsoidal  currents 
■  less  accelerated  around  their  focal  points,  and  as  we 
every  flowing  atmospheric  current  to  make  rolling 
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which,  having  force  to  deflect  the  whirls  constantly  backward  upon 
the  projection,  will  in  this  case  resemble  the  projection  of  a  solid, 
as  of  a  ship  in  water. 

d.  The  cone  of  impression  or  anticyclonic  area  will  occur  gen- 
erally over  land  where  the  earth's  friction  offers  the  greatest 
resistance  to  the  direct  force  of  the  flowing  current.  Where  cur- 
rents are  constant  the  anticyclonic  area  might  be  frequently  clearly 
mapped  for  position  upon  the  earth  just  in  the  same  manner  as 
whirl  systems  can  be  mapped  for  oceanic  currents;  always  remem- 
bering that  a  cone  of  impression  in  a  fluid  is  formed  at  a  distance 
in  front  of  the  resistance.  In  cases  where  air  and  water  are  flow- 
ing in  one  uniform  course  upon  the  oceanic  surface,  as  before 
pointed  out,  there  would  be  less  resistance  than  in  the  case  of  the 
air  moving  upon  static  land  surface;  further,  the  resistance  would 
be  greater,  as  before  stated,  in  high  lands  and  mountainous  countries, 
which  by  their  elevation  would  support  the  cones  of  impression  to 
wind  impulses  more  rigidly  than  upon  level  plains  or  water  surfaces. 
We  also  find  that  regions  of  large  radiational  surface,  where  the  air 
is  cold  and  therefore  condensed,  form  resistant  areas  to  lighter  airs, 
which  have  their  densities  further  increased  by  the  impingement 
of  flowing  force  upon  them,  although  the  flowing  force  would  be 
mainly  deflected  by  whirl  motions  into  areas  of  less  resistance. 

e.  By  the  above  conditions  certain  regions  of  the  earth  constantly 
receive  the  impulses  of  aerial  projection,  particularly  where  such  are 
derived  from  the  carrying  force  or  minus  friction  of  oceanic  currents. 
These  are  regions  of  high  barometric  pressure  under  normal  con- 
ditions or  permanent  anticyclonic  areas  (cones  of  impression). 

/.  In  the  anticyclonic  area,  as  it  is  termed,  the  cone  of  impression 
engendered  by  any  form  of  resistance  is  a  condensation  of  the  air  in 
the  condition  that  it  happens  to  be  at  the  time,  such  condensations 
by  increasing  the  elastic  force  render  any  vapours  present  invisible, 
and  produce  fine  weather  over  the  district  affected.  It  will  be  seen 
that  the  above  propositions  reverse  the  generally  accepted  doctrine — 
that  the  cyclonic  area  is  one  of  ascent,  and  the  anticyclonic  one  of 
descent.  Upon  the  principle  of  whirl  motions  they  would  be  the 
opposite  of  this,  and  I  assume  this  to  be  the  case  so  far  as  horizontal 
motions  of  a  cyclonic  character  are  concerned.  It  is  nevertheless 
quite  clear  that  a  descending  current  would  produce  a  pressure  if  it 
impinge  on  an  area  of  resistance,  as  any  part  of  the  earth's  surface, 
or  if  it  act  in  such  a  manner  that  by  its  direct  impulse  it  forms  a 
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ice.    Such  special  conditions  I  have  discussed  already 

tions  (154  art). 

c  motion  in  the  air  productive  of  rain. 
crallj'  assumed  that  there  are  rising  currents  in  the 
ones;  but  if  we  may  take  evidence  from  the  whirl 
ble  gravitating  matter,  as  of  hquids  in  whirlpools,  it 
'  the  reverse  of  this;  the  tangential  exterior  forces  of 
ing  current,  by  rotation  alone,  removes  the  lower  cen- 
;  tangential  action,  and  causes  thereby  minus  pressure 
itre.    It  appears  to  me  probable,  however,  that  there 
:s  a  vertical  downward  inflow  of  the  more  rarefied  air 
ch  partly  equalizes  that  removed  by  tangential  force 
xial  surface. 

the  cyclonic  centre,  as  here  proposed,  to  be  one  of 
:  from  the  tangential  velocities  induced,  by  a  con- 
producing  exterior  plus  pressure  in  whirl  motions; 
of  such  tangential  force,  if  it  act  as  proposed,  that  is, 
visible  in  aqueous  systems  in  whirlpools,  it  will  ex- 
am such  centres  by  tangential  action.    Now  tlie  result 
1  aerial  or  vaporous  mass  of  equal  elasticity,  would 
the  central  elasticity;   therefore,   for  any  aqueous 
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by  the  latent  heat  of  condensation  of  vapour  which  will  again 
make  such  condensation  much  more  rapid,  and  under  certain  con- 
ditions, by  direction  of  vapour  to  the  area  of  condensation,  might 
make  the  rainfall  enormous  near  the  axis  of  revolution.  This  would 
be  a  probable  cause  of  a  rapid  downflow  in  a  small  visible  cyclonic 
area,  but  whether  answering  to  a  water-spout  I  do  not  know, 
although  it  appears  to  coincide  with  certain  descriptions  that  I 
have  read,  but  have  never  actually  seen.  There  is  also  a  further 
condition  in  small  intense  cyclones,  which  answers  to  the  general 
descriptions  of  water-spouts,  that  is,  that  the  centre  of  the  cyclonic 
area  is  by  the  action  of  tangential  forces  an  area  of  less  atmospheric 
pressure,  and  the  cyclonic  circumferential  area  one  of  plus  pressure. 
There  would  therefore  be  over  any  surface  of  water  on  which  such  a 
cyclone  rests,  an  inscribed  circular  area  where  the  water  would  be 
elevated  in  the  centre  by  the  minus  pressure,  and  this  may  even, 
near  the  axis  of  greatest  intensity,  elevate  the  central  waters  into  a 
conical  form  until  it  meets  the  axis  of  the  cloud  system  above,  which 
by  the  tangential  forces  acting  on  the  surface  waters,  causes  it  to 
form  a  part  of  the  system.  This  would  be  exactly  the  reverse,  but 
upon  the  same  principles  of  tangential  rotary  force  as  we  find  active 
in  the  formation  of  a  whirlpool  which  produces  a  perfect  pointing  of 
the  superficial  air  downwards  in  the  rotating  water  where  the  whirl 
forces  are  active.  It  is  most  probable  in  the  phenomena  of  water- 
spouts that  the  whirl  has  a  downward  direction  through  condensa- 
tion as  well  as  a  horizontal  whirling  motion  which  causes  a  circum- 
ferential pressure  over  the  area  on  which  it  rests  greater  than  the 
difference  of  atmospheric  weight  as  it  would  be  caused  by  a  purely 
horizontal  motion.  It  is  possible  certain  forms  of  water-spout  are 
produced  by  electrical  conditions  which  I  cannot  now  discuss.  Dust 
whirls  appear  to  be  produced  by  the  same  conditions  as  just  dis- 
cussed for  the  elevation  of  water  in  water-spouts. 

168.  Causes  of  local  changes  of  season — climate. 

a.  Continuous  observation  for  years  has  proved  that  we  may 
fairly  plot  upon  a  globe  mean  local  annual  summer  and  winter  tem- 
peratures and  pressures,  which  will  remain  approximately  constant 
in  certain  positions.  The  same  will  apply  to  rainfall  areas,  so  that 
local  changes  of  season  which  appear  to  us  to  take  considerable  ranges 
of  differences,  are  really  active  within  very  definite  limits  of  change 
for  most  districts.   It  is  very  clear  that  the  uniformity  of  such  local 
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le  observe,  depends  upon  the  nearly  equal  intensity 
;at  under  an  equal  obliquity  of  the  earth's  axis,  the 
ohition  velocity  of  the  globe,  and  the  permanency  of 
areas  of  land,  water,  and  ice ;  so  that  we  can  imagine, 
and  conditions  were  quite  constant,  we  should  have 
ng  circumstances  at  the  same  annual  periods.    There 
)rc,  such  changes  from  average  annual  conditions  as  to 
rtiai  differences  we  observe,  and  these  changes  most 
/  definite  laws,  which  we  may  utilize  for  prognostica- 
re  so  successful  as  to  discover  them, 
ervations  of  many  philosophers  there  appear  to  be 
lie  sun's  annual  heating  influences  ranging  in  periods 
1  years,  depending.^  is  reasonably  inferred,  possibly 
nt  of  spots  upon  the  sun's  disc.    A  periodic  difference 
heat  from  the  sun  may  be  otherwise  possibly  due  in 
iggested  by  Sir  John  Herschel/  to  the  influence  of  the 
upiter,  whose  revolution  is   in   irg  years.     In  our 
le  causes  of  gravitation  it  may  probably  occur  that 
ce  between  the  sun  and  planet  excites  the  heating 
le  sun,  or  the  reverse  of  this,     For  our  present  pur- 
be  the  differences  assumed,  in  the  annual  heating 
in's  rays,  there  will  be  differences  of  vapour  impulsion 
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be  fourteen  millions  of  miles;  the  least,  half  a  million.  The  influ- 
ence of  such  changes  of  eUipticity  is  found  in  that  the  sun's  rays 
penetrate  the  atmosphere  with  greater  force  at  one  period  of  the 
year  than  at  another.  Perhaps  the  most  important  effect  produced 
by  variation  of  ellipticity  is  seen  in  that  as  we  approach  nearer 
the  sun  in  winter,  that  this  nearness  aids  in  maintaining  northern 
oceanic  areas  open  to  the  drift  of  currents  at  this  season.  These 
differences  must  also  be  important,  as  pointed  out  by  Mr.  CroU,'in 
their  influence  upon  the  amount  and  extent  of  snow  that  may  be 
deposited  or  may  remain  in  polar  regions.  This  deposition  being 
even  possibly  so  great  at  certain  periods  as  to  lower  the  oceanic 
surface,  and  affect  by  difference  of  gravity  in  polar  regions  the 
general  distribution  of  fluids  upon  the  surface  of  the  globe. 

e.  By  the  precession  of  the  equinoxes  and  a  general  change  in  the 
direction  of  the  major  axis  of  tJte  earths  orbit,  our  present  relative 
winter  position  of  being  nearer  the  sun  than  the  southern  hemisphere 
will  in  about  10,400  years  be  changed  to  the  opposite  condition,  and 
the  southern  hemisphere  will  take  our  equivalent  position.  Under 
this  change,  by  the  same  causes  as  discussed  above,  §  c,  the  northern 
will  become  the  colder  hemisphere  in  winter,  and  the  directions  of 
currents  will  be  naturally  changed  by  the  advance  of  arctic  ice. 

f.  The  obliquity  of  the  ecliptic  which  produces  our  seasons  is  at 
present  about  23°  27'.  This  obliquity  diminishes  on  an  average  not 
quite  half  a  second  a  year.  Such  change  in  a  short  period  would 
evidently  produce  only  small  results,  but  as  the  force  of  projection 
of  thermal  atmospheric  currents  into  polar  areas  so  materially  de- 
pends upon  the  amount  of  obliquity,  such  small  changes  cannot  be 
without  influence. 

g.  Supplementary  to  the  above  conditions,  we  have  nutations, 
which  render  annual  conditions  irregular.  The  whole  of  the  above 
changes  tending  at  the  present  time  to  make  the  northern  hemisphere 
colder  in  winter;  although  these  differences  may  be  conceived  to 
vary  the  amount  of  thermal  force  in  either  hemisphere  slightly  only 
in  short  periods.  Nevertheless,  with  r^ard  to  minor  local  climatic 
changes,  the  course  of  projection  of  an  equatorial  current  may  be 
materially  influenced  by  very  small  differences  in  original  direction 
and  by  the  positions  of  the  local  resistances  which  it  afterwards 
encounters  by  which  it  may  be  deflected.  The  directions  and 
deflections  of  equatorial  currents  will  again  rule  the  position  of 
friction-whirls  necessarily  formed  contiguous  to  them,  by  which 
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>ns  are  much  influenced.    Changes  of  direction  bang 
[y  active  in  the  local  complication  of  whirl  systems 
ral  equilibrium  is  most  sensitive;  as,  for  instance,  in 
of  the  United   States  of  America  and  of  China 
These  changes  again  extend  their  disturbing  in- 
ito  tlic  current  systems  normally  established  as  in 
to  the  British  Isles. 

hed  aerial  currents  produced  by  astronomical 
constant  tendency  to  modify  the  configuration 
of  the  globe  to  the  conditions  present. 

■al  causes  for  conformation  of  motive  oceanic  forces 
conditions  were  pointed  out,  in  125  to  131  articles; 
iditions  being  also  assumed  to  most  materially  in- 
al.     There  must  also  necessarily  be  a  certain  influ- 
position  of  terrestrial  matter  due  to  the  action  of 

[ion  of  the  sun's  direct  rays,  and  by  frost  and  rain, 
ocks  of  the  earth  become  disentegrated,  and  by  the 
winds  the  disintegrated   parts   in  dry  weather  are 
Therefore,  where  the  wind  is  constant  in  one  dircc- 
;  particles  are  drifted  by  successive  movements  to 

SECTION    III. 

AQUEOUS   SURFACE    WAVES, 

CHAPTER  XV. 

FORCES  ACTIVE  UPON  LIQUID  SURFACES  WHICH  ENGENDER 
WAVES.  PROTUBERANT,  COMPRESSILE  OR  LOOPED  SYSTEMS. 
CONCHOIDAL  FORMS.  VELOCITY  OF  PROPAGATION.  TAN- 
GENTIAL ACTION.  MOTION  FROM  ROLLING  CONTACT  OF 
MOVING  AIR.  WHIRL  IMPRESSIONS.  DIVISION  IN  SEPARATE 
UNITS  BY  OVERFLOW.      DIVISION   BY  CORRUGATION. 

170.  Conditions  under  which  waves  are  formed. 

a,  A  liquid  surface,  by  the  perfect  mobility  of  its  parts  moving 
sensitively  to  the  constant  equal  action  of  gravitation  upon  it,  is, 
when  at  rest,  in  a  state  of  perfect  equilibrium.  In  this  state  any 
part  of  the  liquid  surface  may  be  represented  as  a  body  resting 
upon  a  perfectly  level  plane  of  repose  upon  which  it  is  free  to  move, 
when  impressed  by  any  directive  force  whatever,  capable  of  over- 
coming its  mass  inertia,  and  the  resistance  of  cohesion  to  other  parts 
of  the  liquid  system. 

b.  Now,  as  we  find  a  liquid  surface  in  the  state  of  equilibrium  of 
repose,  is  of  less  superficial  area  than  the  same  surface  would  be  if 
under  any  possible  state  of  disturbance,  we  may  conclude  that  any 
exterior  action  that  disturbs  this  surface  will  produce  greater  surface 
curvature  upon  the  whole  or  in  parts,  and  that  this  curvature  will 
necessarily  fonn  either  protuberances  or  hollows,  or  a  combination  of 
both.  Such  protuberances  and  hollows  as  may  be  formed,  meet 
conveniently  the  general  denomination  of  waves.  Therefore  a 
wave  is  caused  by  any  possible  motion  that  disturbs  a  liquid  sur- 
face from  a  state  of  rest  Taken  in  this  manner,  we  may  conclude 
that  a  wave  is  the  resultant  of  one  form  of  motion  or  another  which 
produces  surface  disturbance.     In  open  water,  as  in  the  ocean,  it  is 
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Itant  of  all  component  forces  that  may  be  active 
surface.     Waves  will  therefore  have  as  many  viodts 
s  there  arc  means  of  disturbing  the  liquid  surface. 
lies  important  in  the  investigation  of  the  subject 

is  by  no  means  necessary  that  free  fluid  matter 
ted  by  one  system  or  direction  of  forces  only  to 
lut  rather  that  waves  are  the  necessary  consequences 
disturbing  influence.     Neither  is  it  necessary  that 

be  of  one  form  or  dimensions.     One  constant  con- 
is  evident,  namely,  that  gravitation  enters  into  com- 
s  uniformly  through  all  other  disturbing  influences, 
i  to  induce  a  uniform  system  of  motion,  which  may 
itation  plane  as  little  as  possible, 
lity  of  propagation  of  forces  in  fluids  to  a  distance, 
n  the  motion  of  a  solitary  wave  referred  to,  34  prop. 
otion  of  sound  through  air  and  water.     A  general 
ition  of  forces  to  a  distance  in  fluids,  is  probably  by 
iiolecule  to  molecule.     The  principle  of  which  is 
experimentally   in  the  propagation   of  an   impulse 
itraight  series  of  hard  balls  of  equal  size  suspended 

each  other  and  resting  in  equilibrium.     In  which 
-e  strike  one  of  the  balls  at  the  end  of  the  scries  by 
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e,  A  free  liquid  being  a  perfectly  mobile  system  of  matter,  and 
the  air  resting  above  it  being  also  in  a  free  state  and  of  great 
elastic  flexibility,  possessing  also  a  certain  function  of  adhesion  to 
the  liquid,  it  is  presumable  that  any  force  impressed  by  adhesive 
moving  air  above  sufficient  to  overcome  the  resistance  of  the 
system  of  the  liquid  at  its  surface,  would  move  a  portion  of  this 
liquid  forward  upon  or  within  that  in  front,  and  as  the  liquid  is 
assumed  incompressible,  this  motion  would  necessarily  produce  a 
protuberance  upwards  into  the  air.  The  air  always  offering  a  plane 
of  less  resistance  than  in  any  other  possible  direction  for  the  dis- 
placement of  the  liquid. 

/.  Now,  taking  the  ordinary  conditions  that  surround  us,  we 
observe  that  a  surface  of  water  may  exist  as  a  level  plane  when  it 
is  undisturbed ;  or  it  may  have  protuberances  or  waves  engendered 
upon  it,  as,  for  instance,  the  ocean  may  be  calm  or  rough.  It  is 
also  quite  clear  to  us  that  certain  exterior  forces,  as  the  wind  when 
active  upon  the  surface  of  the  water  {fo  produce  the  roughfuss^  or  the 
motions  we  term  waves.  We  also  conclude  that  waves  are  not  pro- 
duced upon  the  ocean  unless  such  exterior  forces  are  active,  excepting 
ripples  derived  from  currents.  It  therefore  becomes  reasonable  upon 
the  above  premises,  which  is  all  important  for  our  investigations,  to 
assume: — Tliat  any  force  whatei^er  tliat  is  capable  of  producing  the 
wave  will  be  certainly  capable  of  maintaining  its  existe?u:e,  so  that  the 
principles  of  the  genesis  of  the  wave  is  the  demonstration  of  the 
conditions  of  its  continuity;  both  phenomena  being  clearly  derived 
from  the  same  set  of  motive  causes.  Further,  we  may  assume  that 
if  the  wave-producing  force,  whether  wind  or  other  agency,  should 
cease  to  act,  that  there  would  be  still  constantly  present  the  active 
force  of  gravitation,  which  would  cause  the  surface  to  return  to  equili- 
brium in  such  space  of  time  that  the  potential  of  the  elevated  wave 
could  dissipate  its  force,  by  composition  of  its  initial  momentum 
derived  from  the  disturbing  force,  with  that  of  gravitation,  and  of 
resistance  by  molecular  friction,  ever  present 

g.  In  the  above  conception  of  the  subject  we  meet  with  two  im- 
portant conditions  that  may  be  conveniently  and  separately  con- 
sidered : — Firstly,  the  elevation  and  maintenance  of  waves  by  the 
impression  of  exterior  forces;  and  secondly,  the  dissipation  of  waves, 
or  restoration  to  equilibrium  by  the  evident  action  of  gravitation ; 
and  as  we  may  assume  that  all  wave  motions  are  caused  by 
exterior  forces,  active  in  the  first  instance  upon  a  surface  plane 
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ay  further  observe  that  the  elevation  of  the  wave 
whatever,  applied  upon  or  within  the  surface  of  the 
narily  possess  a  mode  of  action  cotilra  to  tlie  force 
The  active  conditions  being  generally,  that  if  the 

remain  the  same,  a  portion  of  the  water  be/ozo  the 
tion  equilibrium  In  one  position  is  elevated  above 
ither.     If  the  entire  surface  of  a  liquid  were  equally 

force,  this  surface  would  equally  resist  in  all  its 
ives  would  be  produced.  It  is  therefore  necessary, 
jf  wave  motion,  that  there  should  be  local  impression 

atural  force-system  that  we  may  consider  is  that  of 
g  upon  water.  The  wind,  by  the  irr^ularities  of  land 
ace,  as  also  by  the  necessities  of  its  rolling  contact 
these  irregularities,  becomes  itself  very  intermittent 
<n  of  its  direct  momentum  upon  any  object  upon 
2S.     This  we  not  only  feci  in  the  intermittent  gusts 
ur  bodies,  but  we  may  observe  it  in  every  mobile 
nfluence,  whether  it  be  wind  passing  over  a  field  of 
ng  of  a  leaf,  or  tlie  oscillation  of  a  blade  of  grass, 
blows  powerfully  our  ears  are  also  sensitive  to  the 
.nd  we  know  that  this  is  caused  by  tlie  intermittent 
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surface  will  throw  more  or  less  liquid  on  certain  local  positions,  and 
we  can  again  imagine  that  this  excess  or  deficiency,  separately  con- 
sidered, will  find  no  position  of  equilibrium  until  it  is  dissipated  or 
diffused  throughout  the  surface  of  the  entire  liquid  system  of  which 
it  forms  a  part.  Therefore  we  may  conclude  that  any  increase  or 
decrease  of  mass  elevated  or  depressed  locally  would  be  as  a  free 
body  of  liquid  urged  constantly  by  gravitation  over  the  surface  until 
it  finally  found  rest  by  distribution  to  equilibrium. 

j\  Under  the  above  conditions  we  may  imagine  that  any  force  of 
displacement  in  water,  as  for  instance,  that  caused  by  the  launch 
of  a  ship,  would  by  the  local  elevation,  that  the  pressure  of  the 
intrusion  of  the  hull  of  the  ship  occasions,  throw  the  whole  aqueous 
system  of  the  ocean  out  of  equilibrium.  Theoretically,  this  would 
be  so,  if  the  system  of  the  ocean  were  in  perfect  equilibrium  to  gra- 
vitation so  as  not  to  be  affected  by  intermittent  or  other  opposing 
forces.  But  at  the  same  time  we  must  conclude  that  the  pressure 
by  increase  of  bulk  of  liquid  that  the  ship  would  throw  above 
gravitation  equilibrium,  would  only  represent  a  certain  force  that 
would  be  active  upon  the  inertia  of  the  mass  under  equilibrium  of 
gravitation  already  established,  that  is,  active  upon  another  force. 
Therefore  the  pressure  caused  by  increase  of  bulk  of  the  ship  would 
combine  with  the  force  of  inertia  of  the  system  under  equilibrium 
of  gravitation  by  general  laws  of  resolution  of  forces,  that  would 
cause  a  certain  displacement  of  a  part  of  the  liquid  system,  which 
would  afterwards  move  to  equilibrium  in  equation  with  the  motive 
values  and  directive  influences  of  all  forces  present. 

k.  We  find  when  we  further  analyse  the  above,  that  the  mass 
of  water*  elevated  by  a  force,  as  for  instance  by  the  intrusion  of  the 
hull  of  a  ship,  would  have  by  its  horizontal  projection  lineal  with 
the  surface  of  the  water  a  certain  momentum,  which  to  diffuse  itself 
must  move  the  projected  water  against  the  inertia  of  that  resting 
quiescently  near  the  surface  of  the  area  affected ;  therefore  by  the 
equality  of  inertia  volume  for  volume  of  the  projected  and  resistant 
water  the  projectile  impulse  would  soon  come  practically  to  equili- 
brium with  the  resistance ;  but  as  we  should  still  have  by  intrusion  of 
the  shipy  a  large  portion  of  the  elevated  water  representing  a  pressure 
by  its  potential  force,  left  above  the  surface  of  equilibrium  upon 
which  gravity  would  remain  active  as  at  first,  the  further  movement 
of  the  elevated  water,  caused  by  the  displacement,  must  be  prac- 
tically by  the  force  of  gravitation  alone  upon  it.      The  original 
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lentum  of  the  displaced  water  having  been  nearly 
le  resistance  of  the  inertia  of  equal  matter  within  a 
aving  only  a  small  residuary  fraction  of  projectile 

above  conditions  we  may  also  imagine  that  if  upon 
face  there  was  a  depression  from  any  cause,  as  by 
of  the  ship,  assumed  previously  to  be  launched, 
n  would  instantly  produce  a  hollow,  that  gravitation 
lely  act  to  restore  the  equilibrium  of  pressure  by  the 
parts   of  the  system   moving  towards  tlie  hollow, 
:,  from  the  action  of  the  surrounding  pressures  from 
here  would  be  complicated  directive  influences,  the 
ium  being  much  disturbed  locally  and  the  pheno- 
iplicatcd,  as  I  will  hereafter  show, 
portant  original  researches  of  Mr.  J.  Scott  Russell, 
issociation  Reports,  1S44,  the  reading  of  which  in- 
ike  the  illustration  above  of  tlie  launch  of  a  ship,  he 
entally,  the  effects  caused  by  increase  or  decrease 
.  liquid  in  equilibrium,  by  two  methods.      One  of 
icrease  of  bulk  by  the  intrusion  of  a  body  of  water 
another  by  the  abstraction  of  a  like  mass.     In  these 
r.  Russell    shows  that  under  certain    conditions  a 
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like  manner"  be  surrounded  by  hydrostatic  pressures,  so  that  the 
pressures  will  constantly  urge  the  liquid  to  fall  into  the  hollow  by 
Infractions  with  a  certain  motive  velocity  that  will  not  come  to  rest 
until  the  composition  due  to  the  constant  forces  of  gravitation, 
general  momentum,  and  molecular  friction  causes  it  to  do  so.  This 
principle  of  motion  was  first  pointed  out  by  Mr.  Flaubergues  in  a 
paper  in  the  Jourfial  des  Sgavans^  1789,  to  which  I  will  refer  here- 
after for  the  discussion  of  the  principles  of  central  disturbances. 

n.  It  will  be  convenient  now  to  follow  the  conditions  of  the  pro- 
duction and  maintenance  of  waves  by  protuberances  only,  and  to 
discuss  the  mechanical  principles  by  which  forces  of  compression 
propagate  themselves  upon  a  liquid  in  equilibrium;  some  experi- 
mental demonstrations  of  which  may  be  found  in  the  important 
papers  of  Mr.  J.  Scott  Russell.  I  will  leave  the  conditions  of 
abstraction  of  volume  and  of  minus  compressions  in  gravitation 
systems,  active  upon  the  surface  of  water,  for  consideration  in  the 
next  chapter. 

Deep  waves  formed  by  horizontal  compression.  Looped 
systems. 

171.  Proposition:  That  the  effects  of  a  compression  upon  tfte  open 

surface  of  a  liquid  will  be  to  move  the  compressed  parts  consecutively 

within  tlie  surf  ace  plane  towards  points  of  equilibrium  with  a  velocity 

of  motion  proportional  to  tJie  mobility  of  t/ie  liquid^  and  its  freedom 

from  the  influence  of  tlie  resistance  of  solid  surface  near  or  beiuath  it. 

a.  The  principles  of  the  action  of  consecutive  compressions  in  a 
liquid  having  a  free  surface  may  be  possibly  best  considered  by 
taking  some  of  the  conditions  which  may  be  made  visible  under 
certain  conditions  in  solids.  Thus,  if  we  take  for  an  instance,  the 
application  of  a  pressure  to  an  elastic  body,  such  as  india-rubber, 
we  may  assume  in  this  case  that  the  body  yields  at  first  at  the  point 
of  compression,  but  this  point  being  thrown  thereby  out  of  equili- 
brium with  all  other  parts,  that  it  will  in  proportion  to  its  elastic 
flexibility,  have  the  forces  of  compression  that  it  at  first  received 
distributed  in  all  directions  in  its  mass,  and  if  the  india-rubber  be 
not  fixed  and  the  impressed  force  sufficient,  the  elasticity  by  reaction 
will  move  the  whole  mass  forward  from  the  area  of  compression  to 
a  more  free  area,  and  thus  regain  static  equilibrium  throughout  its 
parts.     So  that  we  find  the  forces  impressed  in  a  material  elastic 
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ffer  restraint  under  compression,  will  react  by  move- 
areas  of  less  restraint,  seeking  equilibrium  as  quickly 
nd  resistance  of  the  parts  of  the  system  permit 
in  which  a  compression  is  communicated  to  areas  of 
may  be  taken  in  another  case  for  a  physically  incom- 
that  is  one  practically  incompressible  in  relation  to 
To  illustrate  this  we  may  place  a  long  straight  metal 
small  diameter  upon  the  level  ground  and  apply  a 
)  one  end  of  it.     We  then  find  we  cannot  push  it 
y  a  longitudinal  compression  at  the  one  end,  as  the 
le  surface  of  the  ground  will  offer  too  great  friction 
,  and  that  the  general  inertia  of  the  heavy  material 
1  cause  it  to  bend  into  a  loop  rather  than  continue 
force  in  a  direct  line;  that  is,  the  impressed  force 
ready  to  wholly  escape  to  any  point  of  less  resist- 
;ccive  it 

)vo  experiment  would  be  somewhat  difficult  to  follow 
:  exact  conditions  that  I  wish  to  define,   we  may 
atter  by  placing  the  metal  rod  or  wire,  before  men- 
in  a  groove  in  a  piece  of  wood  open  at  the  top  as 
in  the  section  below. 
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groove  is  thrown  out  of  central  equilibrium,  and  that  the  force  of 
compression  moves  from  the  resistance  to  points  of  less  restraint, 
which  are  in  this  case  situated  at  the  open  side  of  the  groove.  In 
this  direction,  therefore,  it  exerts  its  force  to  equilibrate  the  com- 


Fig.  182. — Ex.— Loop  formed  by  Pressure  at  the  end  of  a  Wire  in  a  Groove. 


pression  that  it  receives  moving  by  its  flexibility  into  free  space, 
in  every  possible  direction  open  to  receive  it.  It  therefore  accepts^ 
if  I  may  so  express  myself,  the  resistance  of  the  groove  consecutively 
from  point  to  point  If  we  were  to  suspend  a  free  body  at  the 
opposite  end  of  the  wire  to  that  upon  which  a  compression  so 
resisted  was  made,  it  would  not  in  this  case  move  the  body  during 
the  compression ;  thereby  showing  that  the  distant  end  receives  no 
part  of  the  force  impressed.  A  mechanical  means  well  adapted  to 
demonstrate  a  compression,  is  by  the  apparatus  technically  known 
as  a  snail^  shown  at  A,  this  being  turned  in  the  direction  of  the 
arrow,  causes  a  compression  continually  on  the  end  of  the  wire. 

e.  By  the  known  properties  of  fluids  we  can  imagine  the  resistance 
to  compression  as  being  at  no  point  perfect  unless  the  fluid  is 
entirely  surrounded  by  rigid  matter.  This  is  demonstrable  from 
the  equal  mobility  in  all  parts  of  the  mass.  Therefore  the  swelling 
of  the  wire  about  C,  which  remains  in  static  equilibrium  after 
we  have  given  a  certain  space-compression  at  the  end,  could  not 
remain  in  such  a  condition  if  the  wire  were  a  soft  body  or  a  liquid, 
as  in  this  case,  from  the  imperfect  rigidity  of  such  body,  gravity 
would  pull  it  down  and  flatten  the  loop  out  immediately  after  the 
compression  had  raised  it  This  would  occur,  for  instance,  if  the 
soft  body  were  of  the  flexibility  we  recognize  in  textile  bodies,  as  in 
a  rope  or  cord. 

f.  If  we  take  the  case  of  a  soft  body,  as,  for  instance,  a  rope 
pressed  as  the  wire  was  proposed  to  be  in  the  last  illustration,  and 
assume  the  pressure  at  B  to  be  a  point  of  firm  resistance;  then,  on 
the  supposition  that  all  parts  of  the  rope  are  equally  mobile,  the 
pressure  upon  the  loop  C  would  be  in  all  parts  in  equilibrium; 
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:ion  would  now  act  upon  all  parts  equally,  the  resist- 
'-  greater  at  the  point  of  rigid  pressure  B.  Then  the 
5tt;ni  that  would  be  '.vcakest,  and  therefore  the  first  to 
d  be  that  at  the  opposite  point  of  contact  to  B,  where 
1  meets  the  plane  of  repose.  Therefore  at  this  point 
he  compression  would  appear  to  be  active  and  thus 

system  onwards,  retaining  its  equilibrium  afterwards 
ce  shown  by  the  dotted  lines  at  D.     The  resistance 

strongest  towards  B,  it  would  move  further  onwards 
I  a  velocity  proportional  to  its  mobility  and  freedom 
;,  until  the  loop  would  arrive  at  the  free  end  F,  where 
c  the  impression  visible  if  desirable  upon  the  sus- 
that  point.  In  the  above  we  may  notice  that  the  raised 
■  itt  cquilihrium  tliroughout  its  system,  and  at  both 
act  upon  its  plane,  and  that  the  compression  which 
D  progressive  is  simply  derived  from  unequal  local  re- 
1  cause  the  loop  to  move  from  the  most  resistant  part 
to  tJie  least  resistant;  therefore  we  may  conclude  that 
:tive  impulse  given  to  the  loop  from  the  point  B  wnll 

cause  the  loop  or  wave  in  equilibrium  to  move  con- 
1  by  continuity  of  impulse,  and  this  would  also  have 
jVitl^h^vir^xcep^ha^h^mmobili^ 
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this  loop  being  in  a  soft  body,  the  compression  or  wave  formed  will 
go  continuously  fonvard,  and  each  part  of  the  rope  will  rise  in 
succession  at  a  greater  distance. 

h.  This  motion  of  compression  free  in  one  direction  may  also  be 
exemplified  directly  in  liquids  where  greater  mobility  renders  the 
motive  system  more  perfect.  Thus,  if  instead  of  the  rope  fixed  in 
a  groove  we  have  a  long  trough,  a  part  near  one  end  of  which  is 
illustrated.  Fig.  183,  this  being  20  or  30  feet  long,  by  ro  inches 
wide  and  deep.  The  trough  being  placed  quite  level,  half  filled  with 
water;  having  one  end  arranged  by  means  of  a  movable  board  so 
that  it  can  be  pressed  upon  the  column  of  water  in  the  trough  for  a 
given  distance  as  shown  above,  from  A  to  B.  Then  by  moving  the 
loose  board  by  the  plunger  C,  this  distance,  the  first  efi"ect  of  the 
pressure  upon  the  water  will  be  that  the  water  will  resist  by  the  inertia 
of  the  mass  in  front  and  by  the  adhesion  to  three  surfaces  of  the 
trough ;  it  will  therefore  swell  up,  as  the  wire  in  the  groove  of  the 
previous  experiment,  near  the  point  of  compression,  and  thus  a 
loop  or  wave  will  be  formed,  which  as  a  compression  will  aftenvards 
go  forward  constantly  towards  the  free  end  of  the  trough  moving 
from  the  point  of  greater  resistance,  or  compression,  consecutively 
to  each  freer  point  in  its  immediate  vicinity,  with  velocity  of  trans- 
ference of  impulse  proportional  to  the  fluidity  of  the  water  and 
inversely  as  the  resistances  of  the  surfaces  of  the  trough  in  contact 
The  force  of  gravitation  being  equal  upon  all  parts  of  the  system, 
the  wave  retains  only  a  small  element  of  the  directive  force,  this 
being  active  to  constantly  overthrow  the  equilibrium  of  the  elevated 
mass  in  the  direction  of  its  original  projection. 

('.  To  save  misapprehension,  it  should  be  understood  that  the  , 
impressed  force  of  compression  discussed  above,  must  be  applied  to 
soft  or  fluid  bodies  only  as  compression  in  the  manner  indicated,  or 
the  equivalent  of  this;  as  it  is  al.so  quite  possible  to  send  an  impulse 
or  wave  along  a  pliant  body,  that  shall  not  be  a  wave  of  compression, 
as  here  defined.  This  may  be  done  by  throwing  a  wave  forward 
with  great  projectile  force  in  a  long  pliant  body  of  relatively  small 
gravitating  mass,  wherein  the  projectile  impulse  alone  may  produce 
a  wave  in  the  pliant  body,  the  wave  being  formed  by  the  release 
of  the  consecutive  parts.  In  this  case  the  impulse  or  wave  is  tensile, 
to  the  parts  of  the  pliant  material  where  it  consecutively  acts,  and 
such  a  wave  may  be  produced  in  a  chain  with  loose  links  laid 
horizontally  along  the  ground.     A  wave  may  also  be  produced  as  a 


1 

ROPERTIES   AND   MOTIONS   OF   FLUIDS.                 .j^.ir,,       J 

on  of  parts  of  a  vertical  or  suspended  system.     These    1 
ave-motions   are  merely  mentioned   to  save   misap- 
ey  are  forms  of  motion  that  have  possibly  no  equiva- 
1  waves,  or  at  least  so,  in  the  cases  that  I  am  now 

lilibrium  of  a  Protuberant  Wave. 
SITION :   T/iat  a  prohtberance  or  wave  formed  by  com- 
'quid  will  have  an  initial  eiiergy  of  propagation  if  tti 
lire  is  out  of  central  equilibrium;  iJie  motive  direction 
wave,  being  towards  the  side  of  the  figure  w/tere  the 
las  the  greatest  pratuherance  and  is  supported  upon  the 

d  waves  formed  by  compression,  the  infiuence  of  the 
nay  be   entirely  neglected  after  tlic  wave  is  once 
gravitation  figure  may  then  insure  the  continuity  of 
1  upon  a  free  surface.     This  is  shown  in  the  di^jram 
nay  be  taken  to  represent  either  the  outline  of  a  loop 
pe,  or  the  contour  of  a  surface  wave  upon  water. 
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liquid ;  whereas  gravitation  will  be  more  active  at  C  than  at  A,  and 
the  curvature  of  support  B'  to  C  being  greater  will  be  less  rigid. 
Therefore  for  the  stability  of  the  loop  or  wave,  the  liquid  at  C  will 
move  forward  by  excess  of  compression  through  gravitation  above  it 
and  greater  curvature  in  front,  and  A  will  remain  more  rigid  by  less 
curvature,  and  fall  by  gravitation  upon  its  own  surface.  As  water 
is  practically  an  incompressible  fluid  and  therefore  gravitation  acts 
equally  in  all  parts  of  it,  the  wave  must  go  forward  constantly  to 
maintain  the  loop  system,  so  constructed  out  of  static  equilibrium, 
and  if  such  a  form  of  mobile  gravitating  mass  could  be  rendered 
frictionless  upon  its  plane  of  motion,  it  would  be  possible,  by  the 
principle  of  continuity  of  momentum,  as  there  is  no  part  of  the 
system  antagonistic  to  the  direction  of  the  wave,  that  it  would 
go  forward  eternally.  But  the  molecular  friction  of  any  possible 
moving  fluid  matter  will  cause  the  wave  or  loop  to  gradually 
subside  by  constant  loss  of  impulse  upon  the  surfaces  of  resistance, 
present  in  any  possible  containing  vessel,  or  medium. 

c.  The  wave  of  the  form  here  given  being  out  of  central  equili- 
brium for  its  entire  figure  upon  the  water  surface,  will  produce  a 
slight  depression  upon  the  front  of  the  wave,  below  the  average 
surface;  but  as  this  hollow  will  be  only  a  weight  deflection  of  the 
rigid  system  of  resistance  of  the  liquid  mass,  it  will  not  be  g^eat,  or 
affect  materially  the  general  principle  of  equilibrium  of  projection, 
here  proposed. 

173.  Proposition:  T/ie  compression  that  forms  a  loop  or  wave 
within  a  horizontal  mobile  system  vt  equilibrium  acts  as  a  motion  oj 
displacetnefit  of  the  compression  in  the  mobile  system  of  energy.,  in  com- 
parison with  otiier  loops  or  waves,  in  the  lineal  ratio  of  tlie  circum- 
ference of  tlie  loop  or  wave  to  its  chord, 

a.  It  will  be  observed  in  170  art.,  in  the  case  of  a  compressed 
wire  in  the  groove,  as  also  of  a  loop  in  a  free  rope,  that  for  the 
wire  to  lie  down  quiescently  in  the  groove  or  the  rope  upon  the 
ground,  after  it  is  once  compressed  to  form  a  loop,  the  point  of 
compression  being  always  supposed  to  remain  rigid — that  space  for 
the  loop  in  each  case  must  be  found  in  front  of  it,  that  is,  on  the 
side  away  from  the  impulse  that  causes  the  compression.  So  that 
for  this  lying  down  we  require  the  possibility  of  a  motion  of  dis- 
placement in  the  system  equal  to  the  lineal  excess  in  the  curvature 
pf  the  loop  over  its  direct  chord.     Therefore,  upon  this  principle, 
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ant  normal  action  of  gravitation,  free  mobile  matter 
:rgy  to  be  permanently  displaced  by  a  compressible 

the  lineal  ratio  of  its  circumference  to  its  chord, 
onceive  that  the  same  principles  as  the  above  may 
.pplied  to  the  compression  of  a  liquid,  for  we  may 
pressile  wave  as  being  formed  by  an  infinite  series 
ting  within  the  other.    In  this  case  such  loops  would 
ude  to  the  plane  of  repose,  yet  theoretically  as  each 
em  possesses  greater  potential  force  in  its  centre  by 
less  of  matter  necessary  for  its  curvature  in  excess 
loop  system,  its  force  of  displacement  ■would  be  equal 
^onn  system. 

ixperimcntal  demonstrations  of  the  principles  here 
[  can  offer,  will  be  found  in  the  beautiful  expcri- 
ics  of  Mr.  J.  Scott  Russell,  in  the  form  of  liquid 
i  termed   a  wave  of  translation;   described  in  the 
:ion  Reports  for  1S44,  p.  319.     In  this,  the  pheno- 

I  here  only  suggest  the  principles,  is  ably  discussed 
mental  particulars,  to  these  I  must  refer  the  reader, 
r,  mention  that  tlie  looped  compressite  wave  is  so 
:  the  altitude  of  the  wave  is  maintained  with  little 
-eat  distances,  and  the  velocity  remains  constant  for 
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near  its  two  ends  towards  its  central  part;  the  paper  being  placed 
on  a  flat  surface  and  the  ends  kept  down  with  the  hands. 


Fig.  185. — Conchoid  produced  by  a  Slip  of  Paper. 

c.  Applying  the  above  principle  to  pressure  upon  a  liquid 
surface;  supposing  gravitation  uniforni  on  the  plane  A  to  C,  at 
first  level,  and  that  the  compression  is  made  in  the  direction  of  the 
arrow  at  A  which  is  resisted  by  the  plane  extending  to  and  beyond 
C,  the  whole  surface  system  having  a  certain  flexible  rigidity  as 
proposed  for  aqueous  surface  by  the  presence  of  extensile  forces, 
16  prop.,  page  45 ;  then,  by  the  pressure,  the  loop  B  would  rise 
upon  the  part  of  the  system  that  was  at  the  time  from  any  cause 
least  able  to  resist  it  Assume  this  pressure  upon  a  part  of  an 
infinite  surface  A  to  C,  there  would  then  be  external  flexure  at  B,  and 
internal  flexure  at  the  points  d  and  e  in  the  figure,  where  the  force 
first  deflects  the  adhesive  flexible  system.  Such  compound  flexure 
would  produce  a  conchoidal  outline. 

d.  Assuming  a  pressure  as  a  continuous  direct  moving  force  upon 
a  liquid  plane,  its  motive  elements  of  equilibrium  may  be  taken  in 
the  following  manner,  as  shown  in  the  diagram.  Fig.  186,  below. 


F^.  x86.— Diagram — Generation  of  a  Conchoidal  Wave. 


Let  the  line  Y  Z  represent  a  part  of  the  section  of  a  level  liquid 
surface  of  infinite  extent  Let  a  horizontal  pressure  beyond  the 
-figure  to  the  left  hand  elevate  the  conchoid  A  C  B  above  the  plane 
of  repose;  and  this  pressure  be  such  as  will  elevate  the  axis  C  D 
of  the  liquid  conchoid  for  the  distance  C  D,  in  the  time  that  the 
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;  by  cohesion  the  surface  below  Y  Z  upon  an  axis 
ie  depth  is  equal  to  D  E.     Assume  E  the  centre  of 
.   from   this   action.      Then,  supposing   the  system 
e.  the  potential  represented  by  the  gravitation  forces 
plane  of  repose  Y  D  Z  will  be  equal  to  the  pressure 
ises  tlie  elevation  of  the  wave;  and  as  all  pressures 
n   of   horizontal   impulse   and   gravitation    will   be 
ds   E  in  the  elevation  of  the  wave,  they  may  be 
every  place  upon  the  plane  of  equilibrium  Y  Z  by 
in  radial  direction  from  the  axis  of  rolling  contact, 
if  the  point  E  be  taken  as  a  fixed  centre,  and  the 
ius  C  D,  as  the  edge  of  a  free  straight  rod,  be  moved 
I  of  repose  represented  by  the  line  Y  Z  keeping  the 
ntlyon  the  line;  the  end  of  the  rod  Cwill  describe  a 
1  wave  engendered  by  a  iiorizontal  pressure  equal  to 
potential  of  C  D  to  the  plane  of  repose  Y  Z.     This 
1  one  position  at  C  D'  E.     It  will  be  noticed  that  the 
in  the  point   E,  therefore  the   radius  D  E  may  be 
present  in  magnitude  and  direction  the  inertia-resist- 
impulse,  which  constantly  increases  as  the  angle  de- 
plane of   surface  equilibrium.      The  ratio  of  this 
the  power  of  tlie   horizontal   force  to  deflect  the 
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the  conchoid  of  Nicomedes,  described  in  Nicholson's  Five  Orders  of 
Architecturey  which  is  said  to  be  the  most  simple  means  known  of 
describing  the  contour  of  a  Grecian  column.  This  instrument  is 
shown  in  perspective  in  the  engraving,  Fig.  187,  describing  an 
inner  line.     It  was  drawn  for  illustrating  other  matter.^ 

f.  The  conchoidal  wave  form  may  be  described  on  a  line  with  a 
straight  slip  of  paper  having  the  distance  C  to  D,  Fig.  186,  marked 
near  one  end,  keeping  the  straight  edge  of  the  paper  E  and  the  point 
D  on  the  horizontal  line  Y,  Z. 

g.  It  may  be  seen  that  the  proposition  relates  to  a  free  wave  only, 
so  far  as  this  is  strictly  compressile,  the  compression  not  being  in 
excess  of  that  capable  of  forming  a  conchoidal  system.  It  will  be 
seen  further  on  that  with  greater  compression  the  force  of  gravita- 
tion in  higher  waves  acts  otherwise  upon  the  wave  system,  and 
permits  certain  parts  of  the  compressed  water  to  fall  away  from  the 
most  elevated  part,  as  free  matter  until  the  conchoidal  system  alone 
remains  active. 

Velocity  of  propagation  of  protuberant  waves  in  looped 
systems. 

176.  Proposition:  That  tJie  velocity  of  a  single  free  compressile 
wave  moving  in  a  horizontal  uniform  channel  upon  a  surface  of  liquid 
at  resty  will  vary  directly  as  tlie  distance  of  its  parts  from  tlie  plane 
of  support  for  the  wliole  depth  of  tlie  liquid;  such  parts  being  taken 
to  be  moving  by  rolling  contact  upon  free  axes  or  radii  extending  to 
the  bottom  of  tlie  channel ;  the  velocities  being  in  proportion  to  the  force 
of  gravitation  acting  tangentially  to  the  radii  the  parts  subtend  to  the 
axis  of  resistance, 

a.  From  the  observations  of  Mr.  J.  Scott  Russell  we  find  that  the 
velocity  of  a  liquid  compressile  wave  moving  in  a  parallel  horizontal 
channel  is  equal  to  a  free  body  falling  by  gravitation  half  the  depth 
of  the  liquid  from  the  crown  of  the  wave  to  the  surface  of  resistance. 
By  the  principles  of  rolling  contact  of  fluids  (44  prop.  b\  the  point  of 
contact  of  a  liquid  on  a  plane  in  relation  to  any  higher  point,  is  as 
a  radius  of  a  free  lever  upon  a  fulcrum  of  resistance;  so  that  tangen- 
tial velocities  are  as  the  forces  active  on  the  free  parts  of  the  lever. 
The  protuberance  of  a  compressile  wave  as  an  infinitely  mobile 
system  in  unstable  equilibrium  will  be  free  to  act  by  sequential 

^  TreaHse  on  Drawing  ImtrumenU. 
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F  F'.  Then  will  the  radial  velocities  of  vertical  parts  moving  upon 
the  point  C  as  a  fulcrum  be  resisted  with  tlie  greatest  force  at  ^',  as 
the  excess  of  this  radius  over  other  vertical  parts  will  the  sooner 
meet  the  resistant  plane  F  F'.  At  b  V  the  radial  velocity  will  be  less 
than  the  above,  but  its  radius  of  arc  and  therefore  its  freedom  will 
be  greater,  as  the  resistance  of  the  plane  F  F'  will  be  less  imme^ 
diately  active.  At  ccf  the  radial  velocity  will  be  again  less,  but  the 
resistance  of  arc  also  less.  K\.  dd  less  again,  this  now  forming  a 
complete  semicircle.  Therefore  forces  impressed  in  a  horizontal 
direction  by  the  vertical,  E  E'  will  move  forward  through  the  space 
included  between  the  arcs,  considered  infinitely  small  of  E  E'  F  F  by 
equal  effective  horizontal  displacements,  as  the  restraint  at  different 
parts  of  this  parallel  space  will  be  proportional  at  different  depths 
to  the  radial  velocities  at  the  same  depths.  The  entire  velocity  will 
therefore  be  in  equation  with  the  average  horizontal  velocities  of  the 
separate  parts,  and  if  this  be  from  the  action  of  gravitation  acting 
normal  to  the  system,  as  here  assumed,  it  may  be  represented  as  the 
tangential  action  of  free  gravitation  upon  half  the  radial  distance  of 
the  depth  of  the  liquid,  and  irrespective  of  the  surface  curvature,  if 
this  is  not  great,  at  the  point  taken. 

d.  From  experiments  in  respect  to  the  absolute  velocity  of  the 
compressile  wave  agreeing  nearly  with  the  above,  as  shown  in  the 
beautiful  experiments  of  Mr.  J.  Scott  Russell,  I  conclude  that  water 
must  be  a  cohesive  fluid  with  little  viscosity,  as  it  appears  in  these 
experiments,  to  move  subject  to  its  inertia  alone. 

e.  To  prevent  misunderstanding  I  may  note  that  if  the  liquid 
compressile  wave  be  moved  by  a  force  impressed  at  the  surface  only, 
as  by  the  wind,  the  restraint  of  resistance  will  be  constantly  as  the 
radius  of  the  depth  affected,  and  equal  to  the  surface  resistances  at 
F  for  every  radius  to  which  the  liquid  moves  by  its  cohesion.  The 
velocity  of  the  compressile  free  surface  wave  in  this  case  will  be  at 
its  surface,  but  half  that  given  above  for  the  same  depth  of  liquid 
moved.  Further,  the  system  of  the  compressile  wave  will  not  be  in 
equilibrium  to  move  as  a  looped  system,  but  under  restraint  of  the 
lower  more  inactive  parts,  there  being  no  free  radial  velocities  as  in 
the  case  taken  for  movement  of  a  vertical  plane  from  E  E'  to  F  F 
of  the  whole  depth  of  the  liquid,  it  will  therefore  soon  come  to  a  state 
of  rest  and  subside,  unless  constantly  maintained  by  an  exterior 
force.  There  are  also  other  conditions  affecting  the  velocity  which 
I  will  hereafter  consider. 
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waves.       Surface    movement    under    cohesive 
leper  water, 

TION :  1/  a  surface  stratum  of  water  be  projected  fy 
ox'er  quiescent  or  oppositely  moving  water,  the  surface 
■ke  intermittent  rolling  contact  upon  the  water  beneath 
'protuberances  or  waves  into  t/ie  air. 
•  conditions  may  be  those  of  the  inflow  of  a  river 
ic  opening  of  a  sluice,  the  overflow  of  a  weir  upon 
sive  surface,  or  an  undercurrent  moving  in  opposition 
ation.     In  rt^ions  where  oceanic  undercurrents  are 
ted  to  the  surface  currents  we  have  the  most  stormy 
eastward  of  the  Cape  of  Good  Hope,  and   Cape 

Horn. 
-A          b.  It  will  be  convenient  to  discuss  this  pro- 
position for  a  single  unit  projection  upon  a 
liquid  surface  plane  in  which  the  motive  unit 
may  be  considered  to  move  tangentially  against 
the  resistance  by  inertia  and  cohesion  of  the 
mass  beneath;  the  whole  system  of  the  liquid 
being  held  in  horizontal  position  by  a  radial 
force,  namely,  that  of  gravitation. 
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first  to  a  point  d'\  then  a  further  effort  of  the  tangential  force  moving 
a  backward  part  again  d  to  e  would  deflect  d'  to  Cy  and  in  like 
manner  etof,  and  f  to  g,  and  these  movements  would  constantly 
disturb  a  greater  depth  of  the  liquid,  say  consecutively  to  the  points 
d\  e\fy  and  g\  assuming  the  tangential  force  to  affect  a  depth  pro- 
portional to  the  horizontal  displacement. 

d.  In  the  above  diagram  the  vertical  series  of  molecules  is  repre- 
sented free,  it  would  therefore  in  following  the  deflection  of  the 
single  molecule  meet  with  constantly  more  and  more  resistance  as 
the  deflection  became  greater,  assuming  it  surrounded  by  like  fluid. 
It  would  also  meet  with  more  resistance  by  the  deeper  displacement 
of  the  longer  series  of  molecules.  Further,  the  tangential  force 
imagined,  is  directly  tangential  to  the  first  static  position  of  the 
molecular  series  only;  so  that  as  the  deflection  of  the  first  molecule 
of  the  series  becomes  greater  the  tangential  force  upon  the  ver- 
tical series  of  particles  becomes  less  by  this  displacement,  so  that 
at  a  certain  point  of  deflection  in  this  single  series  of  molecules  we 
can  imagine  the  first  particles  moved  to  be  brought  vertical  to  the 
original  plane  of  projection. 

e.  We  may  now  consider  the  conditions  of  a  single  particle  upon 
a  continuous  cohesive  surface  in  which  the  particle  is  not  free 
as  in  the  last  case,  other  conditions  remaining  the  same.  We  will 
in  this  case  suppose  a  tangential  force  constantly  active  on  a  selected 
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Fig.  190.— Diagram — Theoretical  Continuity  of  Tangential  Impulse. 

surface  molecule  only^  as  before.  In  this  the  surface  molecule  being 
deflected,  another  molecule  will  come  forward  by  the  general  surface 
cohesion  and  take  its  place,  and  another  in  like  manner,  so  that 
each  molecule  will  be  deflected  by  the  tangential  force  above  it,  and 
the  next  molecule  that  moves  forward,  equally  so,  and  the  next,  and 
so  on.  Now  as  we  assume  that  each  of  these  molecules  is  moved 
to  a  greater  deflection  with  respect  to  the  forward  surface,  then  as 
all  surface  parts  of  the  liquid  follow  in  like  order,  it  is  apparent  that 
these  sets  of  deflection  from  the  surface  will  form  motive  directions 
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w  each  other  as  constant  efforts  of  the  same  continu- 
action,  and  the  molecular  displacement  will  circum- 
:  point  below  tlie  liquid  surface ;  so  that  for  tlie  small 
r  consecutive  tangential   actions  upon  the  molecule 
ically  represented  by  the  diagram,  Fig.  190. 
It  to  the  left  of  ^  be  a  surface  position  taken,  and 
lonsecutive  particles  moved,  then  the  angle  of  deflec- 
)ositiou  being  set  for  a  small  unit  of  time  by  the  de- 
first  movement  of  each  particle;  the  deflected  parts 
\y  lengthened  in  lineal  series  would  cause  them  to 
inuity  of  like  deflection  to  the  position  from  which 
as  first  moved,  and  the  whole  would  complete  a  circU 
ion  of  the  first  displaced  molecule.    If  we  further  as- 
resistance  upon  tlic  system  this  would  induce  a  further 
for  deflection,  which  would  give  a  spiral  direction  to 
)leculcs  taken. 

in  refer  this  system  to  that  illustrated,  Fig.  189,  we 
surface  particle  were  deflected  in  a  circle  of  a  certain 
nd  particle  below  must  be  deflected  to  a  less  radius 
ig  force  would  be  less;  and  further,  as  the  assumed 
ial  impulse  act  continuously  upon  the  cohesive  system, 
cflection  occurs  in  a  certain  time,  tlie  whole  movement 
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the  mass  moved.  Its  power  to  impress  force  in  the  water  beneath 
being  derived  from  adhesion  only. 

g.  The  above  conditions  of  surface  motion  presuppose  the  possi- 
bility of  a  surface  plane  entering  the  bulk  of  the  water  which  is 
not  evident  by  experiment;  we  have,  therefore,  to  consider  further 
conditions. 

lu  By  the  principles  of  rolling  contact,  a  fluid  rolls  upon  a  sur- 
face of  resistance,  45  prop.  The  same  must  occur  by  horizontal 
force  movements  of  a  liquid  surface  on  the  unmoved  or  resting 
liquid  beneath,  except  that  the  assumed  deeper  surface,  in  this  last 
case,  is  not  a  fixed  or  definite  plane,  but  a  hydrostatic  plane  which 
reacts  upon  any  force  impressed  within  by  its  own  elasticity. 

/.  The  action  of  a  superficial  horizontal  motion  upon  a  liquid 
surface  may  therefore  be  taken,  by  greater  refinement,  in  the  fol- 
lowing manner  for  the  displacement  of  a  surface  particle. 
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Fig.  Z92. — Diagram — Riding  Action  of  a  Surface  Molecule  under  Tangential  Displacement. 

Let  S  S',  Fig.  192,  be  a  plane  of  repose  and  a,  by  c,  three  particles 
resting  at  first  in  the  plane  before  the  impression  of  the  horizontal 
force  shown  by  the  arrow.  Suppose  the  motion  to  extend  at  first  to 
the  depth  of  one  particle  only  as  before  taken  (Fig.  190).  Let  rfbe 
the  first  particle  deflected,  b  the  second,  moving  on  r,  and  a  the  third. 
Then,  as  this  series  of  deflections  would  move  towards  the  resist- 
ance of  the  liquid  beneath,  and  the  aerial  space  above  the  liquid 
surface  would  be  free  from  this  resistance,  the  particle  a  would  rise 
into  the  air  by  the  resistance  of  the  inertia  of  b  and  c,  and  be  pro- 
truded above  the  surface  with  a  part  of  the  horizontal  force  with 
which  it  was  at  first  impressed. 

J.  If  we  now  summarize  the  conditions  of  active  tangential  forces 
upon  a  deeper  position  of  repose,  we  find  that  by  conditions  here  pro- 
posed, §§  r,  d,  Cy  and  //,  that  the  tangential  action  would  be  such  as 
to  produce  a  whirl.  But  that  by  the  conditions  proposed,  §y^  such  a 
whirl  would  be  perfectly  free  at  the  liquid  surface  plane,  and  under 
greater  restraint,  proportionally  to  the  depth,  at  greater  depths. 
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he  whole  we  may  assume  by  composition  of  such 
the  separate  conditions  proposed,  that  the  whirl 
/c  excess  of  water  in  motion  at  the  aerial  surface 
be  constantly  induced  to  hp  or  tumble  over  in  altcr- 
nianner  which  will  somewhat  resemble  the  motion 
ody  in  walking,  wherein  the  foot  at  each  step  forms 
ion.     The  cramped  form  of  whirl  induced  to  secure 
maybe  theoretically  represented  as  in  the  engraving 
except  that  the  motion  will  be  largely  impressed  by 
Ises  and  not  by  entire  displacement  of  the  liquid  parts. 

i-Thn.7etiaJ  Wl.Lrl  Dcflccii™  u„d«T^nKt>.l«l  A«i™  o(a  LiquM  Sur&ct 

■epose  S  S',  moved  by  a  horizontal  force  in  the  direc- 
:he  arrows,  raises  a  protuberance  at  d,  and  continues 
if  tangential  velocities  of  the  cohesive  system  by 

xnProp.  ACTION   OF  WIND  ON  WATER.  49 1 

action,  as  a  form  of  incipient  biwhirl  whose  cone  of  impression  is 
at  d  to  e. 

L  The  amplitudes  of  tangential  waves  are  proportional  to  the 
velocities   of  the   overflowing   force   which   induces    the   lopping 


Fig.  194. — Diagram — Surface  Equilibrium  under  Whirl  Deflection. 

action,  a  greater  velocity  engendering  a  broader  wave,  the  tangen- 
tial forces  carrying  direct  impulse  and  suffering  deflection  inversely 
proportional  to  the  constant  force  of  cohesion  of  the  liquid  which 
induces  the  tangential  deflection  to  form  the  protuberance. 

m.  If  the  tangential  action  be  derived  from  a  single  impulse,  as 
in  water  overflowing  a  weir,  the  first  wave  will  be  broad,  being  pro- 
duced by  direct  tangential  action  upon  the  surface;  another  wave 
will  be  produced  after  bifurcation  of  the  force .  at  ^,  d^  by  the  re- 
maining tangential  impulse  of  the  surface  deflection  only  d\  therefore 
the  second  wave  will  be  less,  and  a  third  again,  by  continuity  of 
decrement,  proportionally  less,  by  like  action.  Waves  upon  the  prin- 
ciples discussed  may  retain  local  positions  upon  the  surface,  or  be 
carried  forward  by  motions  of  general  displacement  of  the  system 
in  motive  composition. 

Action  of  wind  upon  the  surface  of  water. 

177.  Proposition:  That  the  retardation  of  moving  air  by  the 
adhesive  resistance  of  a  still  surface  of  water  and  the  greater  freedom 
from  resistance  at  any  position  above  the  surface^  will  cause  each 
molecule  or  small  part  of  t/ie  air  to  rotate  towards  tlie  surface  of 
resistance  in  such  a  manner  tliat  tlie  result  of  its  impact  upon  tlie 
water  will  not  necessarily  move  the  surface  in  the  direction  of  im- 
pression. 

a.  If  there  are  present  two  unequal  lateral  resistances  to  the  pro- 
jection of  a  free  particle  or  mass  of  matter,  the  greater  resistance 
will  retard  the  projection  the  most,  and  the  particle  or  mass  pro- 
jected will  rotate  upon  its  centre  of  inertia  over  towards  the  greater 
resistance.  This  is  shown  in  that  the  resistance  of  a  moving  fluid  is 
greatest  near  a  solid  or  other  more  resistant  system  of  matter, 
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sistancc  will  decrease  in  a  certain  constant  ratio  to 
istant  plane.    So  that  from  this  cause  a  fluid  passing 
U  have  parallels  of  velocities  that  will  be  unequal, 

we  assume  the  fluid  to  be  air  passing  over  water, 
ear  the   surface   may  be  conceived   to   be   placed 
lanes  having  different  velocities,  the  greatest  being 
irthest  from  the  liquid  surface ;  the  absolute  surface 
ively  quiescent  to  the  motion.   Taken  in  this  manner 
a  certain  stratum  of  air  above  the  water  would  be 
cr  side  of  the  particle  forward  with  its  own  velocity, 
he  under  side  of  the  particle  where  it  was  more  par- 
id  by  the  resistance  of  the  static  water  near,  would 
lice  have  less  velocity.    Therefore,  the  particle  would 
::volution  upon  its  own  a.xis  of  inertia  as  a  resultant 
s  of  the  two  parallel  forces  of  unequal  velocity,  as 
idered  for  rolling  forces,  46  prop.  b. 
V  consider  this    particle  to  be  pressed   forward  and 
;ontinuous  elastic  force  of  compression  behind,  so  that 
rticic  of  a  strong  wind.    It  would  then  impinge  upon 
i'ave  that  under  the  circumstances  would  be  inclined 

this  it  would  impress  the  resultant  of  all  its  motive 
although  by  its  entire  initial  velocity  it  might  have 
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(d)  The  motive  stratum  farthest  from  the  surface  of  resistance  in  the 
water  below,  not  shown  in  the  engraving,  therefore,  that  of  highest 
velocity  affecting  the  motion  of  the  particle  A. 

(pi)  Stratum  of  greater  resistance  nearer  the  resistant  surface  and 
therefore  of  less  velocity  than  a,  the  particle  A,  Fig.  195,  is  therefore 
turned  in  the  direction  shown  by  the  arrow  in  front  of  it.  In  Fig. 
195^3:  the  same  particle  of  air  is  shown  striking  the  surface  B'.  Under 
such  conditions  it  ejects  the  water  in  the  direction  of  its  revolution, 
as  shown  by  the  arrow  below. 

c.  If  in  the  above  cases  the  forces  are  assumed  to  be  direct,  and 
no  principles  of  whirl  motions  are  taken  to  be  induced  in  the  general 
system,  the  velocity  of  revolution  of  the  particle  will  be  slow ;  but 
if  the  lineal  pressure  A  or  B  deflect  the  particle,  as  well  as  cause  it 
to  rotate,  the  revolution  to  follow  the  whirl  current  will  be  quicker. 
The  principle  induced  by  the  movement  of  a  particle  in  rotation 
impinging  upon  a  surface  of  repose,  may  be  roughly  shown  by  giving 
a  hoop  a  motion  of  rotation,  and  at  the  same  time  projecting  it 
to  a  certain  distance  upon  the  ground ;  in  which  case  the  rotation 
will  not  interfere  with  the  general  projection,  but  will  after  contact 
accelerate  or  reverse  its  projection  by  friction  upon  the  surface  of 
impact,  so  that  the  hoop  when  the  rotation  is  in  one  direction  will 
have  its  velocity  increased  upon  contact  with  the  ground,  or  in  the 
other  direction  it  may  roll  back  to  the  point  from  which  it  was  pro- 
jected. In  this  case,  nevertheless,  the  revolution  in  the  hoop  in  no 
way  neutralizes  the  projectile  force,  which  makes  its  percussion  on 
the  matter  opposing  its  direct  projection  exactly  as  though  it  pos- 
sessed no  initial  revolution ;  except  the  action  upon  the  surface  of 
contact  just  stated. 

d.  By  the  principles  of  rolling  contact  in  fluids,  to  which  I  am  com- 
pelled so  constantly  to  return  in  demonstration  of  every  motion  of 
one  fluid  acting  upon  another;  we  find  that  in  the  case  of  air  moving 
upon  water,  by  the  adhesion  of  these  two  fluids,  assuming  as  I  pro- 
pose that  there  is  no  slipping  motion,  the  air  will  necessarily  have 
the  velocity  of  its  surface  of  contact  with  the  water  reduced  to  the 
surface  motion  of  the  water  whatever  this  velocity  may  be,  and  in 
whatever  direction  it  may  take.  The  effects  of  this  adhesion  upon 
motive  air  may  extend  by  a  decreasing  series  of  velocities  for  a 
great  or  small  distance,  according  to  the  velocity  or  pressure  of  the 
aerial  force,  whether  it  has  power  to  break  or  bend  the  cohesive 
system  of  the  air  more  or  less  near  the  surface  of  the  water.     If  we 
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ttion  of  this  adhesion  as  producing  a  reflex  surface 
j  discussed,  at  the  aerial  aqueous  surface,  the 
■I  then  return  by  deflection  in  opposition  to  the  direc- 
1  projection  by  the  principles  of  rolling  contact.  We 
lie  that  in  this  motion  there  will  be  the  same  forms  of 
t  extending  forward  to  the  more  static  water  surface 
Jin  (88  prop,  e,  Fig  121,  page  249),  so  that  absolute 
^demonstrated  for  water  will  occur  in  this  case  in  the 
water,  by  its  superior  density,  forms  the  resisting 

Ideavoured  to  show  that  this  is  true  experimentally, 
reeded  by  any  striking  experiment  However,  the 
d  our  conception  a  little.  If  we  cautiously  and 
hoke  upon  water,  the  smoke  being  heavier  than  the 
lly  advance  upon  the  water.  I  have  noticed  in  this 
lead  of  the  projected  smoke  curves  at  the  water  sur- 
Ipparently  only  a  slow  motion  of  revolution  of  which 
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178,  Proposition:  Tliat  the  effect  of  the  impression  of  an  oblique 
impulse  by  air  on  water  will  be  to  extend  the  liquid  surface  to  greater 
area  with  disturbance  of  the  eqtiilibrium  of  t/ie  static  extensile  state  of 
the  liquid  surface;  thereby  producing  ripples, 

a.  The  general  principles  of  surface  extensibility  were  discussed, 
16  to  23  props.,  and  of  motive  continuity  of  extensile  surface  strains 
24  prop.  The  conditions  under  which  aerial  impact  becomes 
oblique  were  discussed  in  the  last  proposition.  The  experimental 
evidence  of  the  proposition  may  possibly  be  seen  in  every  puff  of 
wind  that  disturbs  a  still  surface  of  water. 

b.  It  is  presumable  that  if  an  aerial  current  were  of  perfectly 
uniform  velocity  in  all  its  parts,  that  its  impression  upon  a  surface 
of  water,  in  perfect  equilibrium  to  gravitation,  would  not  ruffle  the 
surface,  but  by  the  principles  of  rolling  contact  there  would  neces- 
sarily be  separation  of  the  air  into  motive  units.  This  separation 
is  also  evident  actually  in  the  motion  of  air  over  any  object  in 
sensitive  equilibrium,  as  a  blade  of  grass,  which  does  not  bend 
simply  to  a  curve  under  the  wind  action,  but  dances  also  in  it.  So 
that  it  occurs  from  the  sensitive  state  of  equilibrium  of  water,  its 
tendency  to  surface  extensibility  (16  prop.)  and  from  deflected 
impulses  of  impression,  that  actually  its  surface  is  always  thrown 
into  ripples  by  a  wind  active  upon  it,  and  these  ripples  are  the  first 
motive  effects,  which  under  continuity  or  increase  of  wind  force, 
become  waves. 

179.  Proposition  :  That  in  light  winds  over  rippled  water  where 
motions  of  easy  accommodation  may  be  assumed  to  occur,  the  liquid 
surface  will  be  impressed  with  hollows  produced  by  lateral  diffusional 
whirls  of  aerial  projection. 

a.  The  principles  of  the  above  proposition  were  discussed  for 
water,  105  prop.,  but  the  conditions  now  to  be  considered  are 
changed  by  the  liquid  surface  being  one  of  partial  restraint  to  the 
aerial  motions  from  adhesion.  The  same  principles  applied  to 
static  surface  were  discussed  in  109  remarks,  page  319,  wherein  it 
was  suggested  that  whirls  would  form  in  every  indentation  of  surface 
{d)  by  the  influence  of  shading.  Upon  the  same  principles  when  a 
surface  of  water  has  become  ruffled  by  the  wind  by  conditions  of 
the  previous  proposition,  every  hollow  upon  such  a  surface  is  in  rela- 
tion to  the  horizontal  elements  of  direction  of  the  wind  an  area  of 
repose  from  its  action. 
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further  seen  that  even  if  the  surface  of  water  is  not 
y  intermittent  force  that  there  may  be  in  the  wind 
■e  action  (6,  last  prop.),  would  upon  a  resistant  h'quid 
tact   at   once  induce  the  surface  to  divide  by  the 
Jius  form  separate  whirls  which  would  be  at  first  of 
ns. 

also  conceive    by  the   whirl   system  of  motion   in 
ig  against  the  more  static  resistance  of  water,  that 
resistance  of  one  side  of  the  plane  of  motion  would 
■cnt  naturally  by  a  retrograde  movement  (Sg  prop,  c) 
imcdiate  surface  of  contact.     Further,  by  the  fomia- 
isible  whirl  of  contact  in  a  free  fluid,  we  have  one  of 
ensured;  cither  that  the  whirl  must  continually  in- 
msions  by  the   continuity  of  decreasing  resistance 
in  which  it  is  generated,  or  it  must  form  a  whir!  over 
and  leave  the  remainder  of  the  surface  free,  either 
e  current,  or  in  a  condition  to  form  other  like  whirls. 
appear  from  my  experiments  that  when  a  larger  or 
ace  occurs  in  the  path  of  the  most  static  side  or 
an  increasing  whirl  would  continuously  revolve  until 
ce,  even  if  it  were  the  bay  of  an  immense  ocean,  but 
:raint  or  inequality  of  resistance,  whirl  forms  are  at 
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permits  the  formation  of  waves,  as  the  separate  units  of  impulse  are 
deflected  by  surface  contact  to  form  a  system  of  whirls  which 
occupy  approximately  equal  interspaces  upon  the  water  surface. 
We  may  represent  these  conditions,  as  in  the  diagram,  Fig.  197,  con- 
sistent with  the  forms  of  rolling  contact  of  air  on  the  deflectable 
surface  of  water;  either  where  hollows  exist,  or  intermittent  im- 
pulses are  impressed  from  above. 

e.  In  air  passing  solids,  no  planes  of  deflection  could  be  formed 
in  the  solid,  as  in  a  liquid,  and  the  adhesion  of  the  air  to  the  solid 
would  possibly  be  less.  But  I  have  occasionally  noticed  the  same 
principles  of  motion  in  drifting  dust  and  snow,  where  a  point  of 
superior  resistance  occurs,  so  as  to  leave  a  more  quiescent  air  space 
in  front  of  this,  equivalent  to  the  hollow  of  a  wave  just  considered. 
In  this  case  the  current  of  air  moves  continuously,  and  the  deflection 
occurs  at  a  certain  point  where  a  whirl  is  produced  by  the  over- 
current  nipping  up  a  surface  wave.  This  is  shown  by  the  direction 
of  the  arrows  in  the  diagram  below. 


Fig.  198.— Ex.— Dust  Wave  formed  by  Wind. 


/.  The  above  described  form  of  motion  is  very  frequently  caused 
by  the  interference  of  a  wall  or  tree,  but  I  have  seen  it  often  occur 
in  simply  undulating  ground,  or  irregular  solid  surface,  and  observed 
it  in  the  drifting  of  autumn  leaves  along  a  high  road. 

g.  The  whirl  resistance  under  the  above  conditions  still  remains 
in  the  line  of  direct,  or  tangential  impulse,  of  the  whirl.  It  is  uni- 
formly greatest  upon,  the  back  of  the  wave,  where  the  greatest 
freedom  from  interference  also  occurs ;  so  that  the  dust  heap,  leaves, 
and  ripples  we  have  considered  maintain  a  general  projectile  force 
in  the  direction  of  the  wind. 

//.  What  we  find  important  in  this  matter  for  the  consideration 
of  vertical  whirl -force,  in  the  free  motions  of  the  wind,  so  far  as 
r^ards  a  liquid  surface,  is  that  wind  may  appear  to  produce  a 
retrograde  motion^  and  will  do  so  naturally  on  the  back  of  the 


KOPHRTIES  AND   MOTIONS   OF   FLUIDS.              .s./V^ 

wave.     Therefore  if  the  surface  of  the  ocean  did  not 
ile  force  from  the  wind,  the  surface  motion  would  be 
its  direction.     That  this  is  not  really  the  case  under 
,  I  will  discuss  in  the  next  proposition. 
3  observe  in  the  action  of  whirl  motions  generally  in 
rl  is  produced  by  a  tangential  impulse  moving  a  free 
-  about  a  centre  of  inertia,  therefore  that  its  motive     , 
lis  cause  uniformly  cirailar,  and  take  no  otlier  form, 
d  from  it  by  restraint  {83  prop.).   Therefore  the  inter- 
of  separate  units  of  air  in  the  wind  upon  the  relatively 
es  of  repose  formed  by  the  hollows  of  the  waves,  will 
rl  motions  induced  to  constantly  correct  the  form  of 
into  semicircular  hollows.     Wherein   the  waves  differ 
y  the  influences  of  other  causes  that  I  have  already 
ompressile  forces,  and  will  further  consider. 

iiTiON :   That  tJie  projectile  force  of  the  -wind  acting 
\ve  surface  of  deep  water,  if  it  exceed  the  velocity  of  ea^ 
for  rolling  contact,  will  drive  forward  the  aqueous 
velocity  of  displacement  which  will  be  according  to  the 
■t  upon  the  surface  and  the  mofnenttim  of  tli£  tvinits 
ohesion  of  tlie  water  at  the  horizontal  plane;  the  hollow 
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b.  The  principles  of  the  above  may  be  expressed  diagrammatically 
as  follows,  taking  three  cases,  of  which  the  last  only  accords  with 
the  conditions  of  the  proposition. 


Let  the  space  included  between  A  and  A',  extending  through  the 
three  diagrams,  be  a  liquid  surface  in  equilibrium. 

BB',  Fig.  igg,  will  then  represent  the  direction  of  motion  of  per- 
fect accommodation  by  rolling  contact  of  air;  in  this  case,  moving 
nearly  frictionless  upon  the  liquid. 

C  C,  Fig.  200,  represents  deflection  of  the  surface  of  the  water,  so 
that  the  air  in  this  case  impinges  perpendicularly  to  the  surface, 
causing  thereby  greater  instability  of  surface  equilibrium,  and  some 
forward  compression  at  C. 

D  C,  Fig.  201,  represents  a  higher  velocity  of  the  wind  by  the 
magnitude  of  the  momentum  to  the  small  relative  resistance  by 
cohesion  to  the  aqueous  surface,  the  whirl  taking  a  sharp  parabolic 
form  practically  meets  the  surface  at  a  less  angle.  In  this  case  the 
water  has  a  tendency  to  be  projected  from'  the  surface  in  front  of 
the  point  of  impact,  D',  and  by  deflection  upon  the  mass  resistance 
from  E  to  F. 

c.  In  the  above  diagrams,  to  complete  the  theoretical  forms,  I  take 
the  motion  of  single  units  of  projection  as  before,  and  assume  no 
interference.  It  is  quite  certain  that  this  could  not  happen  in  a 
perfectly  uniform  moving  wind  if  such  a  phenomenon  exists.  The 
principles  here  discussed  show,  that  upon  aqueous  surface  there  will 
be  very  small  resistance  to  gentle  motions  of  the  air,  but  great 
resistance  to  intense  motions,  and  less  surface  stability  under 
more  intense  wind  forces. 

d.  Upon  principles  shown  in  diagram.  Fig.  201,  the  impact  of  air 
in  the  direction  D  D'  by  the  action  of  which  a  hollow  is  scooped  out, 
and  a  protuberance  projected  forward,  we  might  conclude  that  the 
entire  surface  of  a  liquid  impressed  by  such  a  local  force,  as  that  of 
a  gust  of  wind  on  the  ocean,  would  cause  the  water  to  be  projected 
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impulse.     This  is  not  evident  by  observation  of  the 
water,  but  that  this  action  is  actual,  appears  to  be 
ed  by  observing  the  manner  in  which  the  wind  drives 
c  waves;  for  we  are  certain  that  if  a  hollow  and 
i   forming   a  wave  are  brought   into  existence   by 
ig  upon  a  surface   previously  in  equilibrium,  that 
ist  be  first  scooped  out  to   form  the   protuberance, 
ping   could    only   occur    behind    the    protuberance, 
protuberance  is  formed  from  the  liquid  pressed  for- 
e  hollow.     Upon  this  principle  we  may  conceive  the 
■d    to  be  urged   forward  over  the  whole  surface,  by 
ke  action,  in  pressing  forward  other  parts  of  the  sur- 
as the  separate  units  of  the  breadth  of  the  wave  are 
lOugh  the  deflection  of  contact  resistance  gives  an  im- 
t  reflection  to  the  direction  of  projection  (179  prop.). 
)f  water  will  be  urged  forward  by  the  general  hori- 
um  of  the  entire  initial  force  of  the  wind. 

ITION:  TItat  a  steady  wind  over  waiy  oceanic  surf  ace 
ittait  in  its  action  upon  waves  by  impressing  alternate 
'lore  titan  alternate  shadings. 

iSa  Prop, 
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when  exposed  to  it.  In  this  manner,  as  each  wave  is  followed  by 
an  interval,  before  the  wind-force  can  again  be  active  to  produce 
another  impression,  the  motion  induced  in  the  backward  parts  of  a 
ruffled  system  will*  be  carried  forward  constantly  by  the  now  inter- 
mittent tangential  action  of  the  wind  upon  it. 

c.  To  follow  each  separate  wave  according  to  these  conditions, 
the  following  construction  may  be  taken. 


Fig.  202. — Diagram — Intermittent  Action  of  Wind  upon  a  Wavy  Surface. 

« 

Let  Z,  Fig.  202,  represent  a  single  wave,  and  assume  this 
wave  to  be  formed  by  a  tangential  compression  by  the  lower  atmo- 
spheric stratum  represented  by  B  B'  moving  in  the  direction  indi- 
cated by  the  arrows,  and  let  this  impress  the  wave  at  the  salient 
angle  formed  by  its  plane,  d.  Then  will  the  assumed  horizontal 
projection  of  the  wind  be  deflected  by  continuity  as  a  compression 
upwards  at  A,  and  its  elastic  momentum  will  not  impinge  again 
actively  on  the  liquid  surface  until  it  reaches  C,  where,  by  its  im- 
pulse, another  wave  will  be  formed  as  a  secondary  resultant  of  con- 
tinuity of  projection  of  the  wind. 


Fig.  203. — Diagram — Waves  of  Easy  Accommodation. 

d.  The  continuity  of  bite  of  the  wind  upon  the  surface  of  the 
rippled  ocean,  which  produces  larger  waves,  may  not  inappropriately 
be  compared  to  the  bite  of  the  threads  of  a  screw  which  produces 
a  very  perfect  form  of  mechanical  adhesion.  The  bite  will  be 
greatest  upon  the  planes  «,  ^,  ^,  in  the  engraving  above,  Fig.  203. 

Conditions  of  division  of  a  liquid  surface  into  waves  by 
tangential  compression. 

182.  Proposition:  That  a  horizontal,  or  tangential,  force  impressed 
in  adJterent  matter  upon  tlie  surface  of  a  liquid  will  raise  separate 
units  of  the  liquid  into  protuberances  by  t/ie  resistance  of  the  inertia 
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•arts  of  the  liquid.    These  protuberances  or  waves  tvitl 
1  a  gravitation  fotentia!  of  resistance  in  equilibrium 
liim  of  the  tangential  force  impressed.     By  continuity 

te  units  or  waves  will  also  be  raised  into  larger  prO' 

p.  it  is  shown  that  every  unit  of  a  surface  impressed 
forces   is    in   unstablt:   equilibrium,   which   induces 
override  the   other  and  thereby  produce  surface 
would  occur,  of  course,  more  easily  under  the  inter- 
of  the  wind,  and  by  this  motion  the  conditions  of 
water  become  of  the  same  form,  as  before  discussed, 
Lirface  displacement  in  175  prop, 
nditions  of  surface  division  into  many  waves  by  the 
angential  force  at  or  near  the  surface  may  also  be 
shown,  for  a  simple  case,  by  moving  a  small  body 
illy  with  moderate  velocity  at  a  small  depth  in  the 
,vater.    In  front  of  the  moving  body  a  series  of  small 
surface  waves  wilt  be  formed  by  the  compression  {24 
iquid  surface,  in  this  case,  will  appear  to  be  crumpled 
ciple  may  possibly  at  all  times  be  active  in  the  for- 
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to  cause  a  compressile  wave  will  by  continuity  of  pressure,  where 
the  wave  is  raised  to  a  more  salient  angle  to  the  wind's  impulse, 
cause  its  maintenance  during  the  continuity  of  the  impression.  It 
is  also  clear  that  if  this  salient  angle  be  once  produced,  that  a 
greater  force  in  the  wind  will  exert  a  greater  pressure  and  the  sur- 
face will  tend  to  expand  upon  the  compressile  wave.  This  increase 
will  be  proportional  to  the  force  of  the  wind  since  the  wave  increases 
in  height  as  the  horizontal  forces  press  it  forward.  It  increases  also 
in  area  of  base  as  the  constant  force  of  gravitation  brings  the  figure 
of  the  protuberance  to  equilibrium  as  a  conchoidal  system,  so  that 
at  a  certain  point  of  elevation  and  expansion  of  base,  the  tangen- 
tial pressure  by  its  momentum  will  come  to  equilibrium  with  the 
potential  of  the  elevated  wave,  the  inertia  of  its  mass,  and  the  force 
of  cohesion  of  the  liquid  system  combined;  and  it  will  rise  no  more. 
As  one  wave  is  formed  so  will  others  be,  until  the  aqueous  surface 
is  covered  by  waves  of  dimensions  proportional  to  the  extent  of 
pressures  into  the  resistances. 

188.  Proposition  :  If  by  the  contiguity  of  solid  matter  to  a  wave 
system  tJie  area  over  which  tlu  resistance  is  carried  be  co7tfined^  or 
tlie  tangential  force  of  t/ie  wind  act  with  great  intensity  over  small 
area,  tlu  liquid  surface  will  be  more  compressed^  rise  higher^  and  flow 
less  easily  to  a  state  of  equilibrium^  so  that  stidden  forces  impressed 
upon  small  areas  and  resistances  to  surface  forces  by  solids,  will  pro- 
dtice  relatively  higher  waves  of  Sf nailer  base, 

a.  This  is  seen  in  a  wave  running  inshore,  where  the  resistance 
of  the  shore  causes  it  to  rise  and  break.  Also  by  restraint  of  coast- 
line as  for  instance  the  broad  Atlantic  wave  becomes  a  shorter  and 
higher  wave  in  the  Bay  of  Biscay. 

b.  The  evidence  of  the  above  may  also  be  clearly  observed  by 
looking  over  the  daily  weather  reports  issued  from  the  British 
Meteorological  Office,  wherein  we  find  the  direction  of  wind  upon 
a  coast  generally  produces  a  rough  sea,  which  is  caused  by  the 
volume  of  the  wave  being  s/wrtened  up  and  the  surface  pressed 
together  by  the  resistance  of  the  coast  to  the  inflowing  more  free 
conchoidal  wave  engendered  at  a  distance  from  the  coast  by  the 
wind.  It  is  possible  that  the  entire  momentum  of  the  wind  by 
its  adhesion  may  be  generally  found  in  the  potential  of  the  water 
elevated  by  it  above  the  surface  of  equilibrium,  over  the  whole  areas 
of  resistance. 
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waves  are  produced  by  strong  winds  and  ripples  by 
;re  is  no  doubt  tliat  a  certain  ratio  exists  between  the 
:  and  tlie  force  of  the  wind,  for  a  constant  wind  acting 
e  surface  agitated  by  no  currents.     But  the  difficulties 
tal   investigation   are   immense,   as   wind   forces  act 
to  a  certain  extent  on  the  volume  of  the  wave,  every 
e  surface  of  a  large  wave  being  subject  to  exactly 
ressions  and  re-divisions  as  a  level  surface  if  struck  at 
e. 

general  assurance  of  the  fact  of  pressing  up  of  surface 
ivind's  force,  observations  of  the  most  superficial  kind 
the  forward  elevation  of  t!ic  oceanic  surface  is  abso- 
lis  cause,  and  that  no  principle  of  mere  oscillation  of 
jilows  will  answer  to  experience.     It  is  well  known 
served  that  the  wind  blowing  towards  a  coast  or  up 
i  the  sea  with  it  and  elevates  the  water  much  above 
;vel.     That  setting  from  tlie  coast  or  down  the  river  it 
iters  outwards.     We  cannot  in  these  cases  infer  that 
ice  of  the  water  is  in  any  way  efiected  except  by 
le  wind ;  neither  can  we  imagine  that  the  deeper  parts 
ire  greatly  disturbed  by  the  exterior  tangential  action 
therefore  the  actual  displacement  must  be  by  surface 
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where  the  equivalent  wave  would  be  urged  forward  as  a  looped 
system  of  compression. 

e.  Upon  the  principles  here  discussed  the  diagram,  Fig.  204,  may 
represent  theoretically  the  action  of  a  storm  in  the  open  ocean, 
the  area  of  resistance  being  at  A'  which  may  be  either  the  resist- 
ance of  quiescent  or  oppositely  directed  water,  or  of  a  coast 

Let  A  A'  represent  by  a  line  the  plane  of  static  gravitation 
equilibrium.  The  two  arrows  above,  A  B  B',  represent  the  direction 
of  the  wind.  The  dotted  line  below  the  extent  of  the  return  current, 
showing  possibly  the  depth  of  water  affected  by  the  surface  move- 
ment within  the  amplitude  to  the  wavy  surface. 

B  B'  represents  a  great  wave,  which  does  not  divide  by  its  rela- 
tive amount  of  elevation  simply,  but  by  the  resistance  to  its  impulse. 
In  the  open  sea  a  wave  divides  when  its  elevation  becomes  greater 
than  a  certain  function  of  the  radius  of  the  depth  of  water  moving 
in  the  same  direction  in  the  wave  system,  probably  when  the  depth 
is  less  than  double  the  elevation  of  the  wave  above  the  plane  of 
lowest  motion  of  the  system.  The  wave  probably  breaks  more 
readily  at  the  front  of  the  storm  B',  than  at  the  back  B,  from  con- 
ditions I  will  show  in  the  next  chapter. 

/.Kb.  storm  be  directed  upon  a  coast,  the  coast  resistance  is  felt 
for  a  long  distance  outwards  from  the  land,  so  that  the  storm  com- 
pression, at  its  greatest  surface  elevation,  seldom  or  never  reaches 
the  coast.  This  is  assumed  by  principles  of  conic  resistance  to 
liquid  projections  in  flowing  forces  (88  prop.),  there  being  always 
in  the  case  of  a  storm  impinging  upon  a  coast  an  area  of  compressed 
surface,  where  the  waves  rise  much  above  the  figure  of  conchoidal 
equilibrium,  the  sum  of  the  compressile  force  being  largely  lost  in 
the  separate  potentials  of  the  elevated  crests  (171  prop.). 

^.  Open  oceanic  compressile  systems  are  increased  in  elevation 
by  the  impulse  of  the  tide  coinciding  with  that  of  the  wind.  The 
tides  forming  otherwise  naturally  compressile  systems  by  the  effects 
of  tangential  attraction  of  the  sun  and  moon  upon  the  oceanic  mass. 
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Infraction  of  liquid  surface. 

185.  Proposition  :  That  if  a  motive  impulse  be  impressed  upon 
Ofie  part  of  a  lineal  homogeneous  system,  in  a  direction  to  produce 
greater  extettsion  of  a  part  of  the  system^  than  the  general  coliesive 
force  can  withJwld  by  the  traction  of  following  contiguous  parts  ^  this 
impulse  will  cause  a  fracture  which  will  release  the  motive  part  from 
its  previous  coliesion  to  t/ie  mass  system,  TJu  fracture  formed  in  this 
case  will  be  normal  to  the  direction  of  tlie  force,  and  occur  at  tlie 
weakest  part  of  tlie  system  behind  tlie  moving  part.  On  a  liquid 
surface  under  the  like  conditions  of  extension,  a  partial  fracture  only 
will  ocair. 

a.  If  we  fracture  in  a  long  solid  body  of  uniform  section  by  a 
longitudinal  strain,  the  fracture  will  occur  at  a  point  in  the  solid 
where  the  molecular  force  of  cohesion  is  weakest,  and  this  will  be 
consequently  the  first  part  to  give  way  under  the  strain.  With  a 
liquid,  where  every  part  is  mobile,  a  like  point  of  least  resistance 
occurs  only  insipiently,  as  the  general  cohesion  of  the  system  may 
be  assumed  to  cause  the  fractured  parts  instantly  to  reunite  after 
the  release  of  the  strain.  Therefore  a  liquid,  by  a  kind  of  mobile 
equalization  of  strain,  causes  the  parts  disturbed  by  the  strain  to 
move  consecutively  from  place  to  place  until  equilibrium  is  re- 
stored; so  that  a  plane  of  fracture  or  infraction,  as  I  term  it,  in 
a  liquid,  may  be  one  that  exists  only  for  an  infinitely  short  space 
of  time,  in  any  single  local  position.  This  form  of  fracture  being 
necessarily  at  no  period  entire,  as  in  the  case  of  fracture  of  a  lineal 
solid,  where  perfect  detachment  is  possible. 

b.  This  matter  may  be  made  clearer  by  reference  to  more  parti- 
cular instances  of  the  fracture  of  solids  under  strains  equivalent  as 
far  as  possible  to  those  I  wish  to  demonstrate  for  liquids. 

c.  If  we  stretch  a  length  of  metal  rod  or  wire,  we  can  imagine 
that  every  molecule  forming  this  rod  will  experience  a  strain  against 
the  cohesive  force  by  which  it  is  held  to  the  next  molecule  in  lineal 
series  of  parts,  all  molecules  being  united  in  a  manner  to  form  a 
mass  system.  If  we  continue  to  stretch  the  rod  it  finally  breaks, 
and  the  matter  in  the  two  separate  parts  is  now  again  thrown  out- 
wardly into  the  same  material  condition  of  static  equilibrium  as 
the  whole  was  before  commencing  the  stretching,  and  each  of  the 
two  separate  pieces  forms  thus  a  distinct  althoiipfh  similar  mass 
system. 
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amine  further  into  the  molecular  or  physical  condition 
fore  the  fracture,  we  find  that  the  separation  occurred 
vcakesl  point  of  the  system.     We  may  also  conclude 
d  had  been  weakened  at  any  other  point,  at  this  point 
ould  have  occurred  a  plane  of  fracture.     Therefore  a 
i  system  gives  way  or  separates  by  a  tensile  force  that 
)  disunite  it,  in  one  plane  only,  which  plane  will  be  that 
t  transverse  area  normal  to  the  lineal  direction  of  the 

although  all  or  many  other  parts  may  be  nearly  as 
,  and  may  be  affected  during  the  impression  of  the 
in  by  tension  in  a  degree  almost  sufficient  to  separate 
s  parts,  yet  if  the  strain  be  within  the  range  of  the 
he  material  body,  no  outward  physical  effect  may  be 

or  visibly  produced   and  the  system  will  generally 
rially  considered,  as  at  first 

another  instance  of  the  fracture  of  solid  matter  which 
dered  relative  to  our  subject — we  may  observe  a  sur- 
ind  broken  away  by  the  action  of  the  sea,  so  that  a  cliff 
)n  the  sea  front.    Gravitation  is  acting  with  great  force 
.le  extent  of  this  land  which  is  unsupported  by  other 
.ating  matter  on  the  exposed  front,  and  if  it  were  not  for 

■hcsive  or  attractive  forces  existing  within  the  separate 
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tions,  for  if  there  were  liquid-slips  these  would  be  unlike  the  land- 
slips, as  they  would  not  be  able  to  withhold,  as  it  were,  the  cohesive 
force  until  cumulative  strains  fractured  a  particular  part;  but  all 
parts  would  be  equally  weak  and  would  move  down  exactly  at  that 
point  where  gravitation  was  in  equation  with  the  cohesive  force 
of  the  system.  Therefore,  under  these  conditions,  the  liquid  would 
move  down  by  gravitation  if  unsupported  on  the  side  of  each  hollow, 
by  a  constant  disintegration  in  infinitely  thin  mass  fractures^  or  as  I 
will  term  it,  by  continuous  infractions, 

g.  The  system  of  motion  here  proposed  for  liquids  slipping  down 
into  hollows,  has  been  given  as  a  part  of  the  cause  of  wave  motions 
by  M.  Flaubergues — to  which  I  will  return  further  on.  I  may  here 
remark  that  although  I  use  the  term  infraction  and  slipping  in  the 
above  case,  this  is  really  an  apparent  effect  only  (prop.  43,  ^),  the 
motion  being  one  of  rolling-contact;  but  as  a  regular  hollow  plane 
is  nearly  produced,  it  may  be  taken  as  a  slipping  motion  until 
further  refinements  are  offered. 


\¥\g,  205.— Ex. — Hollow  Produced  upon  a  Liquid  Surface. 


h.  The  infraction  of  liquids  under  the  above  conditions  may  be 
illustrated  by  taking  the  same  long  trough  as  described,  171  prop,  h; 
this  being  partly  filled  with  water  and  the  false  end  being  at  the  place 
it  was  left  in  the  experiment,  before  described ;  that  is,  at  the  position 
B  in  the  above  illustration,  Fig.  205.  If  we  now  suddenly  withdraw 
the  movable  part  from  the  position  B,  by  the  plunger  C,  to  near 
the  end  of  the  trough,  as  shown  in  the  engraving,  the  water  will  in- 
stantly form  a  surface  hollow  at  about  the  position  formerly  occupied 
by  the  false  end,  as  shown  above  under  B.  In  this  experiment,  after 
the  hollow  in  the  surface  of  the  water  is  formed,  the  water  does  not 
immediately  slide  down  for  a  great  distance  or  move  gradually  into 
this  hollow  by  an  inclined  plane  of  motion,  as  might  possibly  be 
imagined  upon  principles  of  equality  in  fluid  pressures  under  sliding 
motions,  but  it  consecutively  breaks  away  from  the  level  surface  as 
in  the  case  of  the  land-slip  just  discussed,  so  that  the  hollow  moves 
forward  upon  the  liquid  surface  in  equilibrium  apparently  by  con- 
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Hy  small  slips  until  it  readies  the  limit  of  the  extent 
surface.      These  slips  are  for  the  instant  planes  of 
I  term  them— planes  of  infraction. 
>ve  case  there  are  subsidiary  phenomena ;  for  instance, 
;  not  fall  into  the  hollow  exactly  as  tlie  land-slip,  a 
;;  but  by  its  fluid  mobility,  elasticity  and  mode  of 
:,  it  falls  as  an  active  force,  which  produces  a  rebound 
it  to  nearly  the  same  height  on  the  opposite  side  of 
ice;  so  that  the  hollow  goes  forward  upon  the  liquid       1 
rue  wave  would.     The  reflected  slips  fall  again  con-       ] 
similarly  to  the  first,  as  they  reach  the  same  altitude, 
How  is  followed  by  another  engendered  upon  exactly 
ciples  as  the  first,  and  this  by  another  until  a  wavy 
iiuced.     To  the  more  exact  condition  of  this  process 

love  there  are  also  subsidiary  efltcts  which  disturb 
rinciple  offered.     The  falling  mass  of  the  infracted 
to  the  surface  of  the  fonvard  parts  of  the  hollow 
falls,  so  that  it  never  absolutely  hrcaks,  but  the  entire 
-s  as  a  regular  systematic  transference  of  a  minus 
eprcsented  by  the  hollow,  to  areas  of  greater  hydro- 
to  establish  equilibrium.    Further,  each  wave  becomes 
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/.  If  there  were  no  point  of  pressure  ^,  to  the  left  of  the  figure 
the  plane  of  infraction  would  surround  the  hollow  and  the  fracture 
would  be  equal  on  every  side,  but  as  this  would  produce  residuary 
phenomena  which  would  need  our  separate  consideration,  I  there- 
fore give  the  conditions  of  a  hollow  infracted  on  one  side,  in  a 
parallel  system,  as  the  simplest  case  for  primary  consideration. 


.1  9  .» 
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Fig.  207.— Diagram— Infraction  Curve  on  a  Liquid  Surface. 


m.  Actually,  by  extensibility  of  surface  (16  prop.)  and  the  necessity 
for  rolling  contact  of  the  motive  parts  of  the  system,  the  edges  of 
the  hollows  are  rounded  off  particularly  on  the  following  side,  and 
in  so  far,  do  not  resemble  fractures.  The  surface  adhesion  of  the 
separated  water,  and  its  momentum  under  deflection  from  a  direct 
path,  forms  on  the  back  of  the  wave  an  incipient  compressile  system 
(176  prop.)  as  shown  by  the  continuity  of  curve  i  to  i,  2  to  2,  3  to  3, 
Fig.  207.  The  wave  falling  from  right  to  left  as  in  the  previous 
illustration.  Fig.  206. 

186.  Proposition  :  That  large  waves  upon  an  extensive  stir/ace  of 
water  will  grow  larger  by  more  intense  wind  force  and  will  extend 
themselves  over  a  much  greater  area  t/ian  t/ie  region  on  which  tJiey 
were  produced y  by  mobile  coitipressio7is  going  forzvard  over  surfaces  in 
relative  equilibrium  and  infractions  going  backwards  in  like  manner. 

a.  The  conditions  of  forward  pressures  producing  large  waves 
were  discussed,  183  prop.  The  hollow  also  increases  in  the  wave 
by  infractions  on  the  backward  parts.  The  height  to  which  waves 
rise  in  a  storm  is  not  from  the  effects  of  the  average  pressure 
of  the  wind  over  the  area  affected,  but  is  in  proportion  to  the 
intensity  with  which  a  local  tangential  compression  in  a  unit  of 
time  elevates  a  certain  mass  against  the  general  surface  resistance 
(183  prop.).  We  may  assume  for  the  conditions  of  this  proposition 
that  an  elevated  wave  mass  exists,  and  that  its  protuberance  is  con- 
tinually supported  by  the  direction  of  the  wind  on  its  backward 
side,  it  will  then  approach  in  principle  a  free  surface  wave  of  the 
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discussed,  171  prop.,  but  be  moving  upon  a  lower  sur-    % 
int;  wlierein  the  lower  strata  of  the  liquid  will  have 
in  proportion  to  the  radius  of  depth  affected  by  the 
s  case  the  loop  or  wave  goes  fonvard  over  a  surface 
n  by  a  smaller  constant  wind  force  than  that  which 
to  raise  it,  and  thereby  continues  its  motion  forward 
ocality  where  it  received  its  origina!   impulse.      On 
nd,  by  the  principles  of  infraction  discussed   in   the 
on,  the  hollow  will  possess  a  power  of  propagation 
le  direction  to   that  of  tlie  wind.     This  will  be  so, 
the  wind  will  aid  the  force  of  gravitation  in  breaking 
je  of  the  hollow  upon  which  it  first  comes  in  contact, 
time  that  it  supports  the  forward  part  of  the  hollow 
clion.     Therefore  the  entire  action  of  the  wind  upon  a 
avy  surface,  once  formed,  will  be  to  engender  motion 
ons :  the  one  driving  forward  the  protuberant  wave  by 
'ssion,  and  the  other  breaking  down  the  hollow  against 
of  tlie  wind.   The  above  principles  may  be  represented 
ing  diagram. 

1 
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now  nearly  resemble  Fig.  209  below  which  I  have  sketched  from 
nature. 


Fi^.  109.— F,i.— ObKr 


d.  By  applying  the  conditions  just  proposed  to  the  surface  motions 
of  a  wavy  sea — a  wave  being  pressed  forward  by  the  wind  at  its 
back  and  infracted  in  front,  there  is  found  a  constant  tendency  in 
the  protuberance  to  override  and  fill  up  the  forward  hollow;  at  the 
same  time  the  infraction  is  lowering  the  crest  In  this  manner 
also  there  is  a  constant  tendency  for  a  wave  to  extend  its  breadth. 
Further,  as  a  wave  at  its  complete  formation,  wherein  its  gravitation 
potential  may  represent  the  force  of  the  wind  (1S3  prop.),  becomes 
immediately  in  a  state  of  dissolution;  so  that  the  wave  finally 
entirely  subsides  and  forms  the  hollow  of  another  wave,  which  is 
again  pressed  forward  and  infracted  in  like  manner.  These  con- 
ditions are  consistent  with  observation. 


187,  Proposition:  A  horizojital  compressioji  upon  a  liquid  sur- 
face tliat  acts  too  suddenly  to  enable  it  to  produce  a  conchoidal  wave, 
•will  produce  at  first  a  protuberance  of  central  luight  in  excess  of  tlie 
mass  necessary  to  form  a  symmetrical  concltoid;  such  protuberance,  by 
its  form  being  out  of  compressile  equilibrium,  will  constantly  fall  away 
by  infractions  until  t/ie  wave  is  reduced  to  a  conclwid  of  compressile 
equilibrium. 

a.  The  conditions  of  a  wave  as  a  conchoid  of  compressile  equi- 
librium are  given  in  174  prop.  If  a  gust  of  wind  impinge  upon  a 
conchoidal  system,  or  a  current  in  the  ocean  drive  it  against  a 
coast,  by  the  wave  moving  upon  forward  greater  resistance  than 
the  open  water,  the  surface  system  will  be  compressed,  and  its 
protuberance  will  exceed  in  central  elevation  a  conchoid  of  equi- 
librium for  a  motive  wave  system  (173  prop.),  and  in  this  case  part 
of  the  protuberance  will  be  immediately  infracted. 
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lower  line  A  A'  A",  Fig.  210,  represent  the  outline  of    1 
.■ave  in  compressile  equilibrium.                                         ■ 

/ation  B  be  engendered  by  a  horizontal  compression 
:  of  water  greater  than  that  possible  in  the  time  to 

conchoidal  wave  of  equilibrium  A  A'  A".     Now  the 
ce  of  the  curved  plane  represented  by  A  B  A"  being 

potential  force  by  gravitation  being  great  upon  it; 

be  infracted  by  the  conditions  of  185  prop.,  and  the 
iction  may  then  be  represented  by  the  lower  dotted 
nd  U  to  A",  the  excess  of  mass  represented  by  D  and 
jht  down  to  a  lower  position. 

sc  the  liquid  in  the  inclosed  space  C  would  beat  first 
its  base  by  the  conchoid  of  equilibrium  A  A'  A",  but 
of  infractions  the  part  C  would  also  be  brought  down 
Old  only  remain  in  motile  equilibrium. 

t88/*n^. 
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Division  of  large  waves  by  Infractions. 

188.  Proposition:  TJiat  any  protuberance  or  wave  upon  a  liquid 
surface  that  is  not  by  its  conchoidal  form^  a  motive  compressile  wave^ 
will  through  the  action  of  gravitation  upon  it,  be  dissipated  to  gravis 
tative  equilibrium  by  infractions;  such  infractions  from  the  vertex  of 
tJte  wave  acting  as  biwhirl  projections  upon  its  lower  parts,  which 
represent  tJie  cone  of  impression  to  t/ie  biwhirl.  By  tJie  biwhirl  action 
tliere  will  be  a  constant  tendency  to  redivision  of  the  wave  surface 
system,  to  restore  gravitative  equilibrium. 

a.  The  surface  of  water  under  the  conditions  of  this  proposition 
is  assumed  to  be  raised  in  waves  or  protuberances  by  some  exterior 
horizontal  or  tangential  compression,  and  gravitation  alone  is  now 
assumed  to  be  active  in  restoring  such  surface  to  equilibrium.  In 
this  case  the  mass  of  elevated  water  in  the  protuberant  wave  repre- 
sents a  potential  force  pressing  upon  the  mobile  system  of  the 
water  beneath.  This  force  embodied  in  liquid  matter  would  clearly 
resemble  the  pressure  by  which  a  biwhirl  is  engendered  (76  prop.), 
from  the  local  pressure  of  a  liquid  of  limited  area  being  active  upon 
a  free  more  quiescent  part;  and  we  may  suppose  that  the  local 
pressure  would  now  move  against  the  conic  resistance  of  the  rela- 
tively static  liquid  beneath  it  by  deflections,  in  the  same  manner 
as  that  shown  experimentally  in  the  case  given,  'jj  prop.  e. 

b.  The  liquid  impressing  force  would,  by  the  above  conditions, 
divide  against  the  conic  resistance  of  the  mass  beneath,  and  flow 
down  both  sides  of  the  wave  surfaces  with  the  projectile  force 
derived  from  its  gravitative  impulse.  In  this  case,  if  its  direction 
through  the  altitude  of  the  wave,  form  a  large  angle  to  the  horizon, 
it  may  cause  the  flowing  water  even  to  penetrate  the  quiescent  base 


Fig.  an.— Diagram — Biwhirl  Infraction  of  a  Wave. 


of  the  wave,  as  in  the  case  of  biwhirls  in  previous  illustrations.  If 
we  represent  the  potential  force  of  such  a  wave  in  a  unit  of  matter 
located  near  A,  as  in  the  diagram.  Fig.  211,  then  the  biwhirl  projec- 
tion through  gravitation  would  be  representable  by  the  whirls  right 
and  left,  shown  by  the  dotted  lines,  for  the  single  wave  ,under  A ; 


1 

'ROPERTIES   AND   MOTIONS   OF   FLUIDS.              tttPtif. 

onic  resistance   being  supported  by  the  incompres- 
liquid  beneath.     The  infraction  of  the  surface  would 
ntly  dissolvintj  the  wave,  but  by  the  directive  influence 
s  right  and  left,  a  new  wave  would  be  formed  ?t  its 

.ply  the  above  principles  to  a  wavy  surface,  the  like 
es  would  be  resident  in  every  protuberance,  and  op- 

er  in  the  contiguous  hollows.     Suppose  that  we  have 
;s.  as  represcutcd  in  the  diagram  below.  Fig.  2i2,then 
the  wave  A  will  be  the  same  as  the  action  of  the 
he  whirls  derived  from  each  of  the  biwhirl  projections 
the  interspace  between  the  two  as  at  B',  and  in  this 

lis.  jij.     DLigTjn.— Iliwhirl  (■■ormaiiopufaWivf 

leir  directive  influences  an  intermediate  wave  will  be 
1  will  rise  in  equation  with  the  forces  derived  from 

i89/V<5*. 
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e.  Experimental  observation  of  the  general  action  of  gravitation 
upon  the  surface  water  of  a  wave  may  be  made,  I  have  found,  at 
any  time  by  a  simple  experiment  as  follows: — If  we  throw  a  few 
corks  upon  a  rough  or  wavy  sea  the  corks  will  be  urged  forward  by 
the  wave  on  its  rising,  but  will  retreat  backwards  on  its  falling,  after 
the  crown  of  the  wave  has  passed  the  corks.  This  is  more  readily 
seen  when  watching  two  corks  only,  at  a  short  distance  apart  in 
lineal  range  with  the  direction  of  impulse  of  the  waves.  These 
corks  when  on  each  side  of  the  crest  of  the  wave  will  move  from 
each  other,  and  when  in  the  hollow  move  towards  each  other, 
by  the  same  principles  of  surface  infraction.  These  movements  are 
represented  by  the  corks  moving  in  the  direction  of  the  arrows 
shown  above  the  crest  of  a  wave  in  the  diagram  below.  Fig.  213. 


Fig.  213.— Ex. — Evidence  of  Infraction  of  Surface  Water  in  High  Waves. 


Oscillatory  Motions  of  Waves. 

189.  Proposition:  If  a  Iiollow  upon  a  liquid  surface^  surrounded 
by  hydrostatic  pressures^  be  more  infracted  by  pressure  on  one  side 
titan  on  tlie  other,  t/ie  differences  of  such  infractions  or  pressures  will 
render  the  hollow  locomotive  in  proportion  to  these  differences,  and  the 
infracted  water  will  produce  a  separate  similar  hollow  or  wave  on  tlie 
side  where  t/iere  is  the  least  pressure.  The  velocity  of  waves  formed 
in  moving  from  tlie  greatest  pressure,  or  infraction,  will  be  nearly 
equal  to  tliat  of  tlie  swing  of  a  free  pendulum  of  a  length  from  crest 
to  crest  of  two  such  waves, 

a.  By  185  prop.,  a  hollow  is  propagated  by  infraction  from  a 
depression  formed  upon  a  surface  of  repose,  and  a  series  of  waves 
are  found  to  follow  such  hollow  before  the  water  can  return  to 
equilibrium.  The  surface  plane  in  this  case  may  be  assumed  to  be 
an  elevation  of  the  liquid  above  the  altitude  of  the  hollow  formed 
in  the  surface,  the  higher  part  therefore  represents  a  hydrostatic 
pressure  that  facilitates  the  infraction  of  the  water  into  the  hollow 
on  one  side  more  than  on  the  other.     We  can  imagine  the  same 
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Id  also  hold  good  if  tlie  water  were  higher  on  one 
c  other  by  any  other  mode  of  production  than  that 
ntally,  185  prop.,  as,  for  instance,  if  the  water  were 
1  as  a  compression  by  the  horizontal  force  of  the 
ion  of  a  hydrostatic  pressure  thus  placed,  upon  the 
be  found  equal    in  its  power  of  locomotion  to  a 
ce  in  moving  to  the  most  free  area. 
;tions  given  above  are  also  displacements  of  a  part 
water,  therefore  the  velocity  of  the  wave  movement 
0  that  of  the  fall  by  infraclion,  so  that  these  infractions 
e  distances  apart  of  the  waves,  as  pendular  velocities        | 
,  as  the  following  diagram  may  show. 

„•           ■               <r                         1 

fie.  ]i(-— Diasrau'— l'"Pi'c=I'on  of  IiifuciLtin  Wjiia. 

J.  214,  represent  a  surface  of  repose  having  a  general 
above  the  average  plane  of  motion,  under  the  con- 
1S5  prop.  g.      Let  the  lowest  motive  plane  in  the 
face  be  represented  by  H  and  C,  in  the  figure.    Then 

si9/v^.  i^sTZLiLtrzaLr  zyn-j»rrj:>:> 


would  be  r.'-a^-rnc  dc  ^e  ^czvz:  C  imi  nnrsrifv  vhjri  i?\m.).-:  >iivc 
equal  osdHanry  ixre  ir  3e  icarDnrs?  A  tr  ?  per  vcO^jr^;:  ^.v  rht 
less  volcnc  asi  -w^mz  iipr  iran.  ?  ^  J.  Af-  rbcs;  f.'c.-^^  vcx;:"c. 
oppose  eadi  <thrr  tiert  -irmuf  be  srmis  £3r^-rr  h:  i>5Si.r'r»^  rhc 
pendular  rekcCT  of  ne  iiir.i-^*  sjscar  A  rr  ?*.  xric  ?  r."  ?  si?:r^- 
ultaneoosK-.  Ir  tics  case  -»^  frnf  rhsr  lii  -v -Lvt  i?  ^^^moi!^^i  ja:*.^- 
motive;  and  cf  sari  p=niic  tizr  t2i*  r^cscrDr/  re  Te:)i;:ltr  v><cr.  ji- 
tion  from  A  to  B  hrprs^^xg  lif  aii  r  ?  :•:"  ibi  vi*  ^  ?  F  C  v^^cr- 
throws  its  eqi£5bfffini  and  rrinr^  ft  prrJecTLJe.  The  rrv\:7x^<5sc>^ 
velocity  hang  T=jsd  br  Ae  p=DCi:^  Erirsr^ccs ;  it  the  ^rr;e  r>.^ 
we  have  a  gecsrisZ  rcaex  ardrc  zc  trie  fcirfic^  •»  ,ircr,  is  rr.jiv  S: 
shown  in  Ac  dia^rsn  bcL-ir^r, 


/.  Let  the  potattia!  of  A,  Fig.  215,  by  its  direct  5::r,\vit,uix>n 
impulse  have  a  force  downwards  showTi  by  the  anv>\v  li»  this  utuior 
resistance  will  produce  the  cur\'e  D  by  restraint  of  free  5;t,u  ilaliv'^t> 
and  therefore  resemble  the  action  of  a  pendulum  whose  axis  wouUl 
be  at  C  above  the  wave.  This  being  the  case,  such  pototuial  Umxo 
as  is  represented  by  the  elevated  part  having  no  restrait^t  at  <.\  as 
in  the  case  of  a  pendulum,  would  have  a  certain  gravilativ>!\  iuvmuv  t>- 
tum  to  enter  the  surface  as  a  whirl,  as  shown  by  the  ilollovl  line  t\^  H. 
as  before  stated  (188  prop.  b\  In  this  case  it  wouKl  i  iMupUie  m^ 
much  of  its  impulse  as  may  be  contained  in  the  eurve»  sh\>wn  by 
the  dotted  line  to  the  point  B;  now  as  B  would  at  the  same  li!\u^  Iv 
partially  infracted  at  its  surface  towards  D,  the  water  wouM  n^\* 
through  the  whirl  and  fall  by  infraction  into  the  hollow;  at  \\w  ^aww 
time  the  entire  projectile  force  of  the  whirl,  derived  iVouj  llu^  ywWw 
tial  A,  would  be  locomotive  in  following  the  most  infrarlnl  pail.  I 
think  this  motion  may  be  very  fairly  assumed  sinee  the  watei  to 
form  the  wave  B  is  evidently  removed  from  A,  while  tlu*  \\\\\\m  e  ol 
the  wave  in  this  case  is  moving  oppositely,  B  towards  D.     In  >\\\\  \\ 
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ion,  the  parts  of  the  hollow  of  the  wave  at  D  are 
I  circles  by  the  differences  of  tangential  velocities 

t  equivalent  conditions  of  superficial  oscillation  to 
the  present  proposition  §c  are  given  by  Newton  in 
\^lh  prop.  2nii  book  of  Ihc  Pruidpia,-wh\ch.  he  demon- 
:nt  tube  partly  filled  with  water  in  which  the  water 
1  pciidular  velocity  equal  to  a  free  pendulum  whose 
hat  of  the  water  in  the  tube.     The  tube  experiment 
/  be  assumed  to  take  the  place  of  the  hollow  in  the 
ition.     Newton  proposes,  by  inference  of  this   ex- 
periment, that  a  protuberance  or  wave  upon  a 
liquid  surface  will  sink   beneath   the   surface  of 
equilibrium,   and   rise  again   above  it  alternately 
'      upon   the  same  area  similarly  to  the  oscillation 
in  the  bent  tube.     If  this  be  so,  it  appears  to  me 
to  be  in  no  way  demonstrated  by  his  experiment 
uhich  is  that  of  a  lateral  movement  of  the  kind 
1   propose  for  surface  motion.     I  think  tliat  as 
so  much  of  wave  philosophy  has  been  built  upon 
this  proposition  it  may  be  as  well  to  discuss  the 
lat  more  in  detail;  for  although  I   feel  in  this  par- 
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are  all  performed  in  equal  times,  whether  the  motion  be  more  or 
less  intense.^  This  principle  of  pendular  motion  carried  out  showed 
that  the  surface  wave  of  the  ocean  would  have  a  velocity  in  the 
sub-duplicate  ratio  to  its  breadth.  Therefore  that  a  pendulum 
whose  length  between  the  point  of  suspension  and  centre  of  oscilla- 
tion is  equal  to  the  breadth  of  the  wave,  that  is,  of  the  wave  from 
crest  to  crest,  would  perform  a  single  oscillation  in  the  same  time 
that  a  wave  would  advance  a  space  equal  to  its  breadth.  Newton 
notes  that  this  would  be  true  on  the  supposition  that  the  parts  of 
the  water  ascend  and  descend  in  direct  lines.  But  really  the  action 
of  ascent  and  descent  is  performed  in  a  circle.  Therefore  the  time 
proposed  only  nearly  approaches  the  truth. 

I.  In  this  tube  experiment  there  is  no  doubt  the  oscillation  should 
be  strictly  pendular,  the  principles  of  the  pendulum  being  fully 
involved  in  it ;  the  resistance  from  friction  and  other  effects  being 
efual  in  each  arm  of  the  tube.  If  the  same  principles  are  applied 
to  motions  upon  a  hollow  upon  the  surface  of  a  liquid  the  same 
equality  of  conditions  also  occur;  the  action  of  gravitation  being 
equal  and  the  resistance  equal  for  each  oscillation  on  each  side  of 
the  arc  which  forms  the  hollow. 

j\  But,  if  we  apply  the  above  to  the  direct  vertical  descent  of  the 
crest  of  a  wave  into  resistant  water  beneath,  the  conditions  are 
evidently  different,  as  in  this  case,  the  raised  mass  which  forms  the 
wave  is  directly  active  as  a  hydrostatic  pressure  upon  the  body  of 
water  beneath,  which  is  practically  incompressible  in  the  vertical 
direction  of  the  pressure,  whereas  laterally  it  is  nearly  free  to  move 
on  each  side  from  the  crest  of  the  wave.  Therefore  by  the  nature  of 
a  hydrostatic  pressure  it  would  move  the  elevated  water  not  directly 
downwards,  but  to  the  free  areas  of  t/ie  lateral  parts,  so  that  the 
highest  parts  would  flow  into  the  hollow  by  deflection  from  the 
rigid  resistance  beneath;  exactly  as  it  flows  in  Newton's  tube  ex- 
periment under  like  deflection  by  the  directive  curvature  of  the  tube. 
It  appears  to  me  we  are  bound  to  conclude  that  in  this  case  by 
the  conditions  of  the  resistance  present.  For  a  free  oscillation  to 
move,  as  suggested,  vertically  into  the  surface  of  an  incompressible 
liquid  beneath,  as  Newton's  theory  demands,  we  should  need  a 
vacant  space  for  it  to  move  into,  so  that  it  might  oscillate  some- 
what in  the  manner  of  a  scale-beam  in  the  air.  Otherwise  the  small 
impulse  of  the  falling  water  would  move  clearly  only  to  the  area 

*  Principia^  Book  ii.  Sect.  viii.  Props.  45,  46. 
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listance,  which  would  be  into  the  free  opea  lateral 
propose.  Further,  that  it  does  move  in  this  manner 
M\y  is  clear  to  observation. 

1  probable  that  the  infraction  of  surface  hollows  may 
i-essions  and  other  causes,  meet  such  interference  as 
Bctly  pendular  velocities  to  the  wave,  but  in  so  far  as 
I  experiment  may  be  applied  to  surface  motions  the 
e.vact  within  the  limits  of  frictional  restraint 
i  we  arc  assured  by  many  observers  that  the  wave 
s  pendular  velocities,  I  propose  that  a  pendular  in- 
lollow  is  the  ruling  cause  thereof 
Lrther  one  point  to  be  observed  that  may  appear  a 
lly,  that  by  compression  upon  a  surface,  waves  are 
1  from  the  compression,  whereas  by  this  proposition 
Iwards  the  infraction ;  that  is,  when  the  infraction  is 
Iw  the  general  plane  of  surface  equilibrium;  so  that 
Bhich  is  equal  to  a  compression  sends  waves  forvjard 
p  a  falling  tide  which  is  equal  to  an  infraction  sends 
Iward  in  the  same  direction  towards  the  shore,  and 
fcrcnce  in  this  case  in  the  form  or  direction  of  the  wave, 
Impression  or  infraction.  This  principle  is  fully  de- 
iposition;  another  instance 
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exterior  force  acting  vertically  upon  the  system.  In  this  case  such 
means,  for  instance,  will  answer  our  purpose  as  that  of  moving  the 
finger  up  and  down  within  the  surface  of  a  liquid. 

b.  This  principle  of  motion  on  a  liquid  surface  may  be  shown  as 
follows : — 


Fig.  317. — Diagram — Equal  Space  Oscillation. 


Let  aii  oscillatory  motion  be  engendered  and  constantly  main- 
tained in  a  parallel  channel  at  A,  in  the  above  Fig.  217,  by  constantly 
impressing  a  force  to  compel  this  point  to  move  upwards  and 
downwards ;  and  let  this  force  occupy  no  area  that  would  cause  a 
displacement  of  the  liquid,  but  be  as  an  alternating  hydrostatic 
pressure  only,  as  for  instance,  if  we  can  imagine  such,  by  an  alternate 
inequality  of  the  action  of  gravitation  on  this  small  area.  Then  the 
downward  impression  of  such  force  would  engender  a  biwhirl  under 
the  motive  point  A  by  every  downward  impression,  whose  whirls 
would  be  projected  right  and  left  in  the  parallel  channel  until  the 
projection  was  restrained  by  the  liquid  surface  at  the  crest  of  the  next 
point  formed  by  biwhirl  action  at  B  and  C  on  the  surface  produced 
by  deflection  of  the  whirl.  Let  this  complete  biwhirl  be  shown  by 
the  dotted  lines  extending  from  A  to  B  and  A  to  C,  and  suppose  the 
part  of  the  dotted  line,  shown  in  the  aerial  space  above,  to  be  re- 
tained by  the  cohesion  of  the  water;  then,  such  whirls  moving' 
upwards  to  complete  an  oscillation  would  adhere  to  the  adjacent 
liquid  on  the  surface  from  C  towards  E  and  B  towards  D  upon  which 
they  would  make  rolling  contact.  Therefore  other  like  opposite 
whirls  would  be  induced  to  rise  upon  the  surfaces  C  E  and  B  D, 
as  shown  by  the  dotted  lines  and  these  whirls  would  Induce 
others,  so  that  the  oscillatory  system  of  a  liquid,  engendered  and 
maintained  by  the  means  proposed,  would  resemble  a  series  of 
equal  surface  rockers^  one  rocker  moving  the  other  by  contact 
upon  it 

c.  We  must  only  take  from  the  cases  given  a  purely  theoretical 
idea  of  a  whirl-motion,  as  it  is  quite  clear  water  could  not  curl  as 
proposed  in  air,  but  the  principle  of  motion  will  be  established  if  the 
above  be  consistent  with  the  form  observable,  as  this  would  be  modi- 
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in  which  the  flowing  forces  make  rolling  contact  upon  liquid  planes 
of  greater  resistance.  Where  a  flowing  undercurrent  is  resisted  by 
any  means,  as  by  a  less  velocity  or  difference  of  direction  in  the  sur- 
face water,  the  continuity  of  the  carrying  power  of  the  undercurrent 
will  be  resisted,  and  the  flowing  water  deflected  from  its  direct 
course  by  the  cohesion  to  the  more  resistant  surface  parts.  The 
momentum  of  the  flowing  water  by  the  continuity  of  its  force  will 
therefore  deflect  the  surface  upwards,  forming  whirls  which  give  the 
projected  parts  a  tendency  to  overflow  the  undercurrent. 

b.  The  principles  of  the  above  become  apparent  when  there  is 
perfect  resistance  at  the  surface  by  a  floating  fixed  object  in  a 
running  stream.  Thus,  I  have  noticed  at  London  Bridge  and  else- 
where, that  a  boat  at  anchor  will  quite  turn  the  current  ripples  of  the 
ebbing  tide  so  that  they  will  break  against  the  flowing  direction  of 
the  river  and  overflow  in  consecutive  waves  for  many  yards  before 
the  stream  reaches  the  boat  The  diagram  below.  Fig.  219,  repre- 
sents the  direction  of  the  motion  somewhat  exaggerated,  each  wave 
being  shown  curling  upward  from  the  boat. 
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Fig.  219. — Ex. — Fixed  Surface  Overflow. 


c.  Similar  waves  may  be  observed  at  the  back  6f  any  paddle 
steam-boat;  the  paddle  giving  a  downward  direction  to  the  water 
projects  it  backwards,  whereas  the  surface  water  follows  by  traction. 
This  is  shown  below,  Fig.  220. 


Fig.  220. — Ex, — Motive  Surface  Overflow. 


d.  In  both  cases  the  surface  waves  following  or  keeping  at  equal 
distances  from  the  object  of  resistance  are  stationary  when  the  re- 
sistance is  fixed,  or  motile  when  it  is  motile.  The  same  principle 
is  shown  by  the  resistance  to  static  surface  liquid  in  the  experiment 
of  Bossut  given,  94  prop.  / 
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which  produces  a  wave  could  penetrate;  so  that  we  might  expect 
similar  effects  in  deep  as  in  superficial  movements. 

d.  In  this  matter  the  probability  is  that,  assuming  the  surface  to 
possess,  as  I  have  proposed,  a  certain  special  force  of  elastic  exten- 
sibility, this  will  act  so  as  to  render  it  more  sensitive  under  the  in- 
fluence of  any  distending  force  that  throws  it  in  one  place  out 
of  level,  than  at  a  greater  depth,  where  the  equilibrium  may  be 
less  sensitive,  the  disposition  to  extensibility  reinforcing,  as  it  were, 
a  continuity  of  the  compression.  It  is  nevertheless  clear  that  there 
is  considerable  elastic  rigidity  in  an  aqueous  system  at  all  depths, 
as  evidenced  in  the  persistency  of  compressile  waves  (172  prop.). 

c.  The  fact  of  the  facility  of  propagation  upon  a  liquid  surface 
of  very  small  forces  was  shown,  15  art,  in  the  pricking  a  liquid 
surface  with  a  needle,  by  which  a  wave  was  shown  to  be  propagated 
to  the  extent  of  the  borders  of  the  containing  vessel.  We  may  find 
that  an  equivalent  motive  propagation  to  this  will  be  produced  by 
forces  that  are  greater.  Thus,  if  instead  of  using  a  needle  we  intrude 
a  larger  object  as  that  of  a  cone  of  a  quarter  of  an  inch  diameter  of 
base,  this  will  in  like  manner  disperse  a  motion  from  the  centre,  as 
we  should  conclude,  but  in  this  case  the  disturbed  surface  will  be 
pressed  more  against  the  resistance  of  the  elastic  surface  extensi- 
bility (16  prop.),  and  the  surface  will  be  crumpled  up  into  not  less  than 
two  protuberances  and  an  intervening  hollow.  When  the  crumpled 
surface,  or  wavy  form,  is  once  set  by  the  impulse,  whether  it  produce 
one  or  more  waves  this  form  will  extend  to  such  an  area  of  inertia 
that  the  resistance  becomes  in  equation  with  the  original  impulse; 
leaving  in  all  cases  a  plane  of  perfect  repose  after  the  wave  or  waves 
have  passed  over  the  surface.  This  repose  is  so  perfect  that  I  have 
found  central  dispersion  of  waves  the  best  means  of  bringing  a  dis- 
turbed surface  to  rest  for  continuing  other  experiments. 

195.  Production  o£  surface  waves  by  falling  drops. 

a.  To  follow  the  effects  of  dispersion  of  small  forces  in  liquids  by 
visible  waves,  to  which  I  limit  my  experiments,  the  best  method 
that  I  was  able  to  devise  was  by  dropping  water  in  separate  drops 
upon  a  still  surface.  I  found  that  by  this  means  I  could  observe 
the  effects  of  separate  units  of  compression  and  infraction,  in  a 
manner  quite  within  control.  The  waves  produced  in  this  manner 
extending  in  gentle  undulation  from  the  centre,  I  could  also  readily 
observe  uniform  effects  by  permitting  the  drops  to  fall  at  equal  in- 
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one  wave  followed  closely  after  another.     Indeed      1 
/ery  approximately  produced  by  carefully  observing 

single  drop  in  the  manner  I  will  describe. 
perimcnts  with  drops  falling  upon  a  smooth  liquid 
aving;  made  a  few  trials  by  dropping  single  drops  of 
I  circular  dish,  and  tlicn  in  a  large  tub,  I  found  the 
c  single  drop-waves  could  not  be  followed  for  careful 
a  vessel  of  less  diameter  than  i2  feet,  which   I  was 
>elled  to  construct.     Having  this  vessel  prepared  I 
le  centre  of  it  a  simple  apparatus  constructed  of  a 
ood  screwed  together,  to  which  I  fixed  by  means  of 
lley  a  glass  dropping-tubc  at  any  required  height, 
itact  to  3  feet  from  the  surface  of  the  water.     Upon 

I  placed  an  adjustable  shelf  to  support  a  tin  pot, 
Ic  to  supply  the  dropping-tube  by  means  of  a  small 
phon,  as  required, 

■  end  of  the  dropping-tube  was  now  fixed  at  a  dis- 
ches  above  the  surface  of  the  water  over  the  i2-feet 

height  of  the  tin  pot  was  so  adjusted  as  to  permit 
1  at  about  every  minute  of  time.     The  drops  at  the 
ig    the  tube  were  about  one-sixth  of  an  inch  dia- 
y  as  I  could  measure  them. 
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of  the  projection  of  the  splash  was  readily  seen  by  letting  the  drop 
fall  near  any  small  floating  solids,  as  pieces  of  cork,  which  were 
instantly  projected  therefrom. 

/.  The  first  contact  of  the  drop,  as  nearly  as  my  powers  of  obser- 
vation would  permit,  was  as  represented  below,  Fig.  221,  which  is 
enlarged  about  \\  diameters,  the  liquid  surface  being  shown  in 
section. 


Fig.  aai. — Ex. — Contact  of  a  Drop  upon  a  Surface  of  Water.     (Enlarged  »J  diameters.) 

g.  After  the  percussion  of  the  drop  upon  the  water  surface  there 
immediately  followed  a  recoil,  in  which  the  drop  of  water  rebounded, 
carrying  with  it  a  certain  quantity  of  the  surface  water  which 
adhered  to  it,  forming  thereby  a  column,  in  height  about  three  times 
the  diameter  of  the  drop.  The  water  forming  the  column  appears 
to  be  taken  entirely  from  the  hollow;  the  ridge  at  first  formed  by 
the  percussion  meanwhile  continuing  its  movement  outwards  from 
the  centre  of  the  percussion  area.  This  column  appears  when  it 
is  reflected  to  about  two-thirds  of  its  full  height,  as  shown  in 
Fig.  222,  below. 


Fig.  aaa. — Ex. — Recoil  of  Drop  after  Contact  upon  Surface  of  Water.     (Enlarged  i\  diameters.) 

h.  As  the  drop  rises  the  remaining  third  above  the  height  shown 
enlarged  above,  the  cohesion  of  the  water  can  no  longer  maintain 
Its  continuous  form;  at  this  point,  therefore,  a  sudden  contraction 


t.- 


Fig.  2»^ — Ex.— Ejection  of  Drop  upon  Hecoil  from  Surface  of  Water.    (Enlarged  ij  diameters.' 

occurs  at  a  distance  of  about  one-third  from  the  top  of  the  column, 

and  the  head  separates  in  the  form  of  a  separate  drop,  which  is 

34 
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jccted  a  short  distance  above  the  parted   column. 
:  reforms  beneath  to  the  hke  figure  the  water  had  in 
shown  in  the  sketch,  last  page,  Fig.  223. 
e  whole  of  the  short  time  occupied  in  the  operation 
hollow  upon  the  surface  of  the  water  around  the 
to  enlarge  in  circumference,  and  the  outer  ridge  or 
le  flattened  out  to  conchoidal  form;  the  first  ridge 
same  time  constantly  outwards  from  the  centre. 
A'ing  instant  the  column  sinks  down,  and  immcdi- 
ridge,  as  that  of  the  first  percussion  of  the  drop,  but 
1  be  of  greater  volume,  and  takes  at  once  a  conchoidal 
ig  the  entire  water  of  the  column  shown  in  the  last 
.  223.    The  appearance,  as  nearly  as  I  could  observe 

1 
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a  period,  by  taking  observation  of  fifty  consecutive 
this  time  nearly  a.s  in  the  sketch  above,  Fig.  224. 
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except  for  a  small  part,  as  I  will  hereafter  show;  its  force  is  there- 
fore principally  developed,  or  continued  outwardly  by  deflections,  to 
a  horizontal  direction  from  the  point  of  contact,  so  that  we  find  by 
observation  that  each  wave,  in  this  case,  is  derived  from  a  single 
effort  of  percussion,  or  compression  upon  the  central  liquid  area. 

m.  We  have  therefore  for  the  three  principal  protuberant  waves 
shown  in  section  in  the  preceding  diagram,  Fig.  225 : — 

A  A'  a  percussionary  wave  formed  by  the  water  ejected  from  the 
first  percussion,  at  the  outer  edge  of  which  there  is  found  a  series 
of  ripplets  formed  by  an  incipient  splash,  which  produces  altogether 
an  imperfect  circumscribing  wave  undulatory  towards  its  vertex, 
but  ragged  in  front. 

B  B',  secondary  reflected  compressile  wave,  containing  a  hollow 
in  front  drawn  up  in  the  recoil  from  adhesion  of  the  surrounding 
water,  as  shown  Fig.  222,  this  wave  from  falling  by  natural  gravita- 
tion into  the  surface  beneath,  produces  a  perfect  wave  of  a  low  con- 
choidal  type  (187  prop.}. 

C  C",  third  final  projectile  wave,  caused  by  the  detached  drop, 
illustrated  in  Fig.  223;  this  drop  follows  closely  the  descending 
nipple  which  forms  the  previous  wave  B  B'.  It  is  produced  with 
much  less  force,  and  is  followed  by  the  same  secondary  phenomenon 
as  the  first  percussion  from  the  drop  falling  5  inches,  §  c;  the  wave 
formed  is  therefore  imperfect,  being  followed  by  a  series  of  very 
small  undulations,  which   in   miniature  repeat   the  entire  pheno- 


n.  From  the  above  we  may  conclude  that  the  entire  phenomenon 
here  discussed  is  the  result  of  impression  of  force  derived  from  per- 
cussion and  surface  reflection  of  two  material  bodies,  the  large  mass 
of  water  and  the  drop.  In  this  case  the  wavy  surface  is  not  a 
matter  of  chance,  as  it  were,  or  of  oscillation,  but  each  wave  is  an 
individual  protuberance  derived  from  a  single  motive  cause;  and  we 
may  observe  also  that  it  has  a  definite  individual  action,  capable 
of  continuity,  but  incapable  of  engendering  other  forms  of  surface- 
motion,  or  of  reproduction  of  its  own  form. 

o.  I  may  here  mention  that  there  may  be  a  cause  of  failure  in 
repeating  this  simple  experiment  Thus  if  the  drop  falling  the 
given  distance  of  $  inches  be  too  large,  it  will  sometimes  eject 
two  or  three  drops  from  the  top,  that  will  confuse  the  whole  pheno- 
menon. I  have  found  another  method  of  dropping  very  satisfactory, 
which  is  to  point  a  piece  of  glass  and  dip  it  in  water  for  a  given 
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:ient  water  will  adhere  for  a  perfect  drop  to  be  formed. 
'ew  trials  will  exactly  answer  in  its  motive  effects  the 
xe  given. 

e  series  of  waves  have  been  formed  by  our  drop,  as 
15,  each  by  its  distinct  generic  cause,  tliese  waves  ride 
outward   from  the  centre,  whence  the  motive  forces 
And  here  it  is  most  important  to  note  the  perfect 
"  the  water  left  after  the  waves  have  passed,  that  is 
■able  when  the   final  wave  about  C  has  passed  only 
1  the  centre;  which  shows  the  perfect  solidity  of  the 
-■dom  from  any  oscillatory  motion  from  reaction.    For 
membered  that  it  is  not  the  water  which  is  moving 
1  the  wave,  but  the  impressed  force  acting  upon  the 
It  can  be  clearly  observed  that  the  water  remains 
ionary  to  the  wave  progression,  and  only  moves  up- 
id  returns  to  its  original  position.     Of  the  pendular 
jalanced  oscillation  there  appears  to  be  no  trace  ia 
lenomenon. 

;eneral  appearances  we  may  imagine  that  the  impulse      , 
it  were,  the  water  into  a  superficial  loop  by  its  corn- 
that  the  water  falls  to  its  surface  by  gravitation,  the 
g  the  original  force,  less  the  potential  energy  in  the 
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same  three  waves  will  occupy  abcut  4  inches;  at  two  feet  distance 
about  7  inches,  and  at  three  feet  about  1 1  inches.  The  overflow  from 
tlie  top  of  each  wave  causes  the  retardation  of  the  next  following, 
and  the  acceleration  of  the  wave  in  front  I  may  note  that  upon 
the  principle  of  the  pendular  theory,  waves  should  remain  at  equal 
distances  apart  according  to  periods  of  oscillation.  They  do  not  do 
so  in  the  case  of  these  small  waves,  and  my  experience  tells  me 
that  waves  do  not  in  any  case  that  I  have  been  able  to  carefully 
observe,  except  they  be  maintained  by  undercurrents,  wind,  or 
other  force,  and  are  restricted  in  area  of  propagation  by  resistance ; 
but  that  in  all  cases,  where  free  from  restraint,  they  spread  out  and 
diffuse  themselves  over  the  water  surface,  increasing  in  amplitude 
'as  these  minute  waves  do,  the  water  running  down  by  natural 
gravitation  to  fill  the  hollows,  on  principles  of  infraction  already 
discussed. 

b.  Tlie  velocity  of  the  wave  has  nothing  to  do  with  the  distance  0/ 
hollows  and  tops  of  these  small  waveSy  and  there  is  no  oscillatory 
period.  The  wave-force  appears  to  proceed  with  a  velocity  in  con- 
stant equation  with  the  particular  constitution  and  elasticity  of  the 
fluid  affected.  In  my  experiments  with  a  falling  drop  upon  a  sur- 
face of  water  6  inches  deep,  the  central  wave  B,  Fig.  225,  travelled 
with  a  velocity  somewhat  under  9  inches  per  second,  that  is,  from 
8  to  9  inches,  the  first  wave  being  quicker,  the  second  slower. 
The  method  of  observation  followed  was  to  have  a  marked  rod 
supported  lengthwise  at  a  short  distance  above  the  water  surface ; 
the  surface  of  the  under  side  of  the  rod  was  white  and  the  figures 
black,  so  that  they  could  be  seen  reflected  on  the  water  surface;  if 
the  sunshine  fell  upon  the  rod  a  shadow  was  produced  in  the  water, 
and  up  the  edge  of  the  shadow  the  ripple  or  wave  could  be  clearly 
traced  as  it  passed  along  the  deflected  reflection. 

c.  By  careful  observations  on  a  still  day,  taking  the  mean  of  20 
observations  of  the  wave  B,  Fig.  225,  its  velocity  of  propagation 
was  8*4  inches  per  second  for  a  distance  of  5  feet  from  the  centre ; 
at  this  distance  it  could  still  be  distinctly  seen.  This  wave  B 
was  the  best  defined  of  the  series,  A  and  C  were  nevertheless  quite 
distinct  at  this  distance.  The  mean  velocity  of  A  was  about  9*1 
inches  per  second;  C  about  79  inches.  The  extreme  ripples  in 
front  of  A  about  9*3 ;  the  last  ripple  following  C  about  J^^  inches 
per  second.     The  above  dimensions  are  approximate;  the  vessel 
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ctly  shaded,  and  any  slight  wind  or  draught  made  a 

e  in  tlie  velocity  of  propagation. 

is  of  the  projectile  action  of  a  drop  falling  upon 
whirls  engendered  within  the  lower  water. 

ts  of  projection  of  drops  wilhiii  water  have  been  db- 
prop.     By  the  conditions  just  proposed  the  larger 
:  entire  projectile  force  in  the  falling  drop  is  active  to 
ICC  waves.     The  evidence  of  percussion  and   recoil 
on,  by  which  the  separate  waves  are  produced  in  the 
ents  just  discussed,  should,  however,  be  made  evident 
e  projections  of  whirl-rings  from  each  impulse.     This 
;nce  of  the  separate  gencses  of  waves  from  a  falling 
t  necessary  to  investigate,  as  the  means  were  at  hand 
apparatus.      I   therefore  changed   the  water   in  the 
before  described,  and  filled  it  with  water  coloured 
1  of  carmine.     In  this  experiment  the  first  drop  en- 
,irl-ring,  but  the  reflex  action  that  might  be  observed 
iurfacc  motions,  was  not  of  suflicient  energy  for  the' 
le  and  final  drop  when  falling  upon  the  surface  to 
.rate  distinct  rings,  without  confusion  from  nearness. 
ised  the  dropping-tube  and  the  supplying  vessel  30 
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of  experiments,  Fig.  225.     From  the  projection  being  greater  in 

this  case  than  in   the  previous  experiment,  the  nipple  rises  in  a 

columnar  form  to  about  one  and  a  half  inches  as  shown,  Fig.  226; 

the  second  ring  being  formed  by  the  descent  of  this  nipple.    From  the 

^  time  of  continuous  projection  of  this  long  descending 

nipple  it  does  not  produce  within  the  water  a  perfect 

ring,  but  a  whirl-ring  united  to  the  following  less  per- 

cussionary  matter,  so  that  it  appears  as  a  very  fine 

cone  of  colour   terminating   at   the   apex   as  a   fine 

thread;  the  whole  cone  being  distorted  by  motions 

already  engendered  in  the  water  upon  which  it  is  pro- 

..,  ~   jected.     After  the  second  ring  a  third  follows  from  the 

i  '^^'J/y^l   projected  reflected  drop  which  produces  the  wave  C  C", 

""^^'  Fig.  225,  of  previous  experiments.     In  this  case  the 

Nipple  produced   drop  falling  on  a  disturbed  surface  is  much  more  dis- 

by  Drop  Falling   ^Q^ed,  and  sometimes  so  confused  as  not  to  be  distin- 

30  iiicne5. 

guishable  as  a  whirl-ring.  But  in  all  cases  there  is  a 
third  detached  system  of  colouring  matter  projected,  so  that  upon 
the  whole,  this  experiment  gives  evidence  of  the  three  projec- 
tile impressions  producing  the  waves  previously  discussed,  which  is 
my  present  purpose  to  assure.  The  appearance  within  the  water 
is  represented  in  the  diagram  below,  Fig.  227. 


// 


Fig.  227. — Ex. — Eflfccts  of  Percussion  and  Repercussion  in  producing  NMiirl-ring- 


A,  Effect  of  first  percussion,  producing  a  whirl-ring. 

B,  Effect  of  descent  of  reflected  column,  after  first  percussion  of 
the  drop,  producing  an  imperfect  ring  united  by  a  cone. 

C,  Incipient  ring  from  final  drop,  generally  of  irregular  and  broken 
form. 
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tion  of  larger  waves  by  central  forces.                      " 
e  is  the  limit  of  my  experiments  of  central  forces. 
esultory  experiments  which  were  followed  with  in- 
:o  obtain  reliable  results.     For  larger  waves  we  have 
ents    and    principles    offered    by    M.    Flaugergues, 
should  be  discussed  here  to  fill  up  the  defect;  for, 
L-'xperiments  arc   somewhat   rough,    his  arguments, 
the  appearances  produced,  agree  very  well  in  some 
1  inferences  that  might  be  drawn  from  experiments 
[lowed  for  the  propagation  of  direct  wave  motions. 
that   M.  Flaugergues  adduces  from  these  expcri- 
liink,  important  for  consideration  of  the  subject.   I 
them  somewhat  in  detail  in  place  of  experiments  I 
low,  if  convenient  opportunity  had  permitted. 
jergues  commences   his  operations  upon   a  smooth 
ink-  13  feet  square  and  3  feet  deep  filled  with  clear 
ed  in  the  shade  protected  from  all  winds.     He  then 
follow  the  motion  of  each  separate  wave  engendered        , 
ise  following  no  preconceived  idea  of  an  oscillatory 
^rm  of  motion.     In  his  observations  he  follows  the 
ngle  wave,  or  small  group  of  waves,  which  he  pro- 
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that  is  raised  above  the  level  of  the  stagnant  water.  And  as  a  part 
of  this  water  flows  from  every  other  part  of  the  surface  into  the 
hollow  formed  at  the  place  of  the  shock,  this  hollow  becomes  more 
than  filled,  until  the  water  rises  in  such  a  manner  as  to  produce 
around  it  ^n  intumescence  or  new  wave  which  is  propagated  cir- 
cularly as  the  first.  This  effect  being  repeated  in  this  manner 
several  times,  the  surface  of  the  water  becomes  divided  into  a  great 
number  of  concentric  circles  raised  and  lowered  in  succession;  which 
has  given  the  idea  of  an  oscillatory  movement  such  as  has  been  held 
heretofore.'* 

d.  M.  Flaugergues  here  identifies  the  individuality  of  the  wave, 
and  it  appears  somewhat  curious  that  having  done  so  he  should  not 
have  refined  his  mode  of  production.  The  stick  which  strikes  the 
water  is  withdrawn  and  the  hollow  left,  the  whole  motions  from 
this  rough  experiment  being  accounted  for  in  a  concrete  sen- 
tence. M.  Flaugergues  further  developes  his  theory,  but  goes  little 
further  in  the  direction  of  experimental  demonstration.  His  final 
conclusion,  derived  from  arguments  and  mathematical  demonstra- 
tions, is  that  the  velocity  of  the  wave  is  in  all  cases  the  same, 
whether  large  or  small,  and  is  derived  from  the  molecular  mobility 
of  the  water  through  which  it  passes,  and  not  from  any  principle 
of  oscillatory  motion,  nor  in  oscillatory  periods.  He  throws  stones, 
large  and  small,  into  the  still  clear  water  of  a  river,  and  finds  no 
difference  in  the  velocity  of  the  wave  produced,  although  there  is 
great  difference  in  its  dimensions,  and  concludes  by  his  experiments, 
that  the  single  wave  of  any  altitude  travels  outwards  at  the 
velocity  of  30  French  feet  in  21  seconds.  In  going  roughly  over 
M.  Flaugergues'  experiment  upon  a  pond  of  about  50  feet  diameter, 
of  depth  varying  from  5  to  2  feet,  I  have  found  the  velocity  of 
the  wave  approximate  to  M.  Flaugergues'  measurement,  and  what  is 
important,  of  nearly  equal  velocity  for  all  sizes  of  stone  that  I 
dropped  to  generate  the  wave,  a  little  greater  velocity  only  being 
observed  from  larger  masses  after  deducting  the  mass  radius. 

e,  Mr.  J.  Scott  Russell,  to  whose  work  I  have  often  referred,  has 
given  8|  inches  per  second  as  the  velocity  of  small  surface  waves 
that  he  terms  capillary  waves.  M.  Flaugergues  gives  18  inches 
nearly,  but  the  circumstances  of  production  are  very  different.  In  all 
cases  I  have  found  that  the  separate  waves  of  a  group  have  a  vary- 
ing velocity  by  their  constant  separation  (187  prop.),  therefore  no 
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in  be  found,  although  the  mobility  of  a  liquid  surface      1 
velocity  to  be  approximately  equal  for  very  small 

tears  to  me  in  the  above  experiments  of  M.  Flau- 
ig  analogy  to  the  principles  shown  in  my  drop  ex- 
n  in  this  chapter,  in  the  reflex  action  observable  in 
1.     But  in  the  striking  a  surface  with  a  heavy  body. 
ction  of  stones,  we  have  clearly  complicated  pheno- 
from  the  splash  which  would  be  difficult  to  follow. 
results. 
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^DH  ESION  of  Uquid  to  solids, 

—  of  air  to  water  producing  reflex 

motion  at  the  aqueous  surface, 

394- 
Adhesive    projections    of   liquids 

about  a  moving  body,  304. 

Aerial  and  aqueous  forces  auxiliary 

in  currents,  436. 

—  currents    most    constant   over 

oceanic  areas,  395. 

over  continental  areas,  411. 

meeting  at  the  equator,  436; 

diagram,  448. 

—  equatorial  drift  traced  through 

N.  Atlantic,  397. 

—  fluids,  deflection  from  tropical 

surface,  439. 

inflowing  to  equator  elevated 

by  the  earth's  rotundity,  449. 

—  forces  about  thermal  equator, 

diagram,  439. 

—  —  form    circulatory    systems 

under  resistance,  390. 

over    southern    areas    take 

circular  orbits,  393. 

—  inflowing  currents  rising  with  a 

westerly  drift,  451. 

—  surface  resistance,  272. 
Aerial-oceanic  vertical  circulation 

caused  by  heat,  417,  434. 
Aerial  projections  forming  anticy- 
clones. 460. 

—  rotary  systems  from  the  equator, 

40a. 

—  supply    currents    from    higher 

latitudes,  416. 

—  surface  forces  of  condensation, 

51- 
maintains   circular   projec- 
tions by  whirk,  38a. 

—  system  of  the   Indian  Ocean, 

403. 

northern  hemisphere,  401. 

complementary,407. 

of  greater  amplitude  if  the 

air  is  dry,  447. 

Siberian,  412. 

southern,  404. 

Aerial-vertical  projection,  435. 

— becomes  oblique,  450. 

Aerial-vaporous  forces  deflect  to- 
wards  the  earth  northward, 

453- 

Aerial  whirl  systems,  general  con- 
ditions, 453. 

(vertical  \  456. 

North  Atlantic,  394. 

North  Pacific,  397. 

Air  and  water,  reciprood  action 
upon  each  other,  343,  499. 


Air,  rigidity  of,  38. 

—  expansion  over  tropical  areas, 

435. 
Alluvial  matter  forming  cones  of 

resistance  (deltas),  350. 
Amazon  and    Mississippi    rivers, 

effects  of  outflow,  342. 
Amplitudes  of  wave  by  tangential 

action,  491. 
Andrews,  critical  liquid,  82. 
Anticyclones,  460. 
Aqueous  and  aerial  currents  com- 
pared, 435. 
Arago  and  Fresnel,  note  on  density 

of  water,  10. 
Arctic  regions,  resistance  to  aerial 

impulse,  396. 
Arteries  on  the  bladder  of  shrew 

(diffusion),  315. 
Athermous  property  of  water,  342. 
Atlantic  whirl  systems,  357,  360, 

367. 

—  and  Pacific  s>'stcms  compared, 

Atmospheric  motions  entirely  cy- 
clonic, 457. 

—  diffusional  motions,  322. 

—  pressures  unequal,  344. 
Atom,elastic  forces  of,  10;  diagram, 

12. 

—  structure  of,  9. 
Atomic  aggregations,  15. 

elasticities,  11. 

—  surface  absorption  of,  11,  45. 
Attraction  to  greatest  area  in  liquid 

molecules,  55. 

Attractive  forces  in  atoms,  12,  14. 

Autumn  leaves  drifting  on  road 
»  showing  surface  aerial  deflec- 
tion, 497. 

Axis  of  repose  or  pressure  in  a  cone 
of  impression,  203. 

"DALTIC,  system  of  aerial  cur- 
rents,  416. 

Rarometer  as  a  weather-glass, 
value  of,  322. 

Barriers  to  tropical  fluid  projec- 
tion, 373. 

Bifurcation    of  oceanic  systems, 

354-357; 
Biwhirl  action  experiments,  220- 

250. 

(imperfect)  on  a  liquid  surface 

shown  by  diagram.  524. 

in  fluids  engendered  by  solid 

cone  of  impression,  319. 

upon  the  lower  part  of  a  pro- 
tuberant wave  will  constantly 
tend  to  redivision  of  the  wave 
surface  system,  515. 


Biwhirl  and  whirl   projection  in 
oceans  (oblique),  432. 

—  circumscribing  aerial  sjrstems. 

diagram,  445. 

—  deflection   in  a  uniformly  re- 

stricted current,  268. 

—  engendered  at  a  liquid  surface 

by  equal  space  oscillation,  523. 

—  equatorial  currents,  S.  American, 

358. 

—  infraction  of  a  wave  represented 

by  diagram,  515. 

—  outflow  of  a  river,  348. 

—  oblique,  227. 

—  projections,  central,  227. 
vaporous,  443-446. 

—  streams,direction  and  deflection 

of,  348. 

—  superficial,  diagram,  225. 

—  systems,  224. 

secondary,  in  oceans,  377. 

vaporous,  441. 

—  terminal  in  liquids,  317, 

—  (undercurrent)  deflection  repre- 

sented by  diagram,  524. 
Boats  at  anchor  turn  the  current 
ripples  of  the  ebbing  tide,  525. 

—  form  should  l>e  ellipsoidal,  292. 

—  projection,evidence  of  biwhirls. 

28s. 
Bodies,  simple  and  compound  ar- 
ranged for  fluidity,  4. 
Boiling  of  liquids,  85. 
Bossut    undercurrent    projection, 

278. 
Brain,  convoluted  layer,  instance 

of  diffusion,  315. 
Brazil  current,  formation  of,  357. 
Break-airs  to  lower  aerial  systems, 

398. 
Bridge   in  a  stream   (cumulative 

elasticity"',  129. 
Bubble,  arc  of  a  circle  subtended. 

diagram,  86. 
Bubbles,  dimensions  of,  diagram, 

86. 

—  vault  form,  83. 

Bullet,  experiment  with,  showing 
conic  infraction,  188. 

r^AI^M    in  the  centres  of  great 
whirls,  362. 

—  surface  of  water,  illustrating  its 

perfect  mobility,  470. 
Capillary  action,  44-74. 

—  adhesion,  67. 

—  attraction  in  fine  tubes,  66-71. 
Despretz,    experi- 
ment, 65. 

experiment  with  a  razor,  dia- 
gram, 71. 
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Deltas  formed  at  mouths  of  rivers, 

349. 

—  cones  of  impression,  350. 

Dense  lower  currents  as  carrying 
forces,  340. 

Desormes,  experiment  showing 
adherence  to  an  efflux  aper- 
ture, 34  X. 

Despretz,  experiment  with  fine  ca- 
pillary tubes,  65. 

Deterioration  in  temperature  of 
N.  Europe,  372. 

Dew,  amount  of  deposition  of, 
from  certain  causes,  457. 

Dew  or  drops  on  a  level  plane, 
6a. 

Diffusion  in  fluid  imder  interfer- 
ence, 319. 

natural  systems,  314:  dia- 
gram, 3ai. 

systems,  3o8rdiagr.  313. 

—  capital,  31  J. 

—  lateral,  310. 

Diffiisional  motion  of  air,  32a,  391. 

Disc  of  wood,  experiment  show- 
ing the  lateral  rotation  of  a 
stream,  diagram,  144. 

Dinmal  effects  of  sun's  heat,  329 1. 

Division  of  large  waves  by  infrac- 
tions S«5. 

—  of  aqueous  surface  by  tangen- 

tial compression,  501. 

Dominant  winds,  Herschel's 
theory,  434. 

Denny's  experiment,  boiling  of 
liquids,  85. 

vacuum  tube,  diagram,  24. 

Drifting  of  oceans  upon  western 
boundari(»,  336. 

Drops,  evidence  of  external  sur- 
face forces,  74. 

—  falling  on  surface  of  water  to 

produce  waves,  diagram,  527. 

—  whirl-ring  projection  of,  dia- 

gram, 193. 

Duplication  of  infraction  waves, 
diagram,  519. 

Dust  whirls,  463,  497. 

Dynamical  theory  of  gases,  dis- 
cussion of,  2. 

•PBULLITION     of      liquids, 

Donny's  experiment,  85. 
Eddies,  application  of  this  term  to 

whirls  and  biwhirls  of  fluid 

motion,  354. 
Efflux  area  of  liquid  in  flowing 

from  a  hole  in  the  bottom  of  a 

vessel,  94. 
Elastic  deflections  in  fluids,  64. 

—  forces  in  liquids,  126. 

—  reactions  in  liquids,  137. 

—  surface  forces,  ri,  36,  59. 
Elasticity  of  whirls  in  fluid  sys- 
tems, 333. 

Electrical  currents,  Crookes*  ex- 
periments, 39. 

Elevation  and  subsidence  of  all 
compressile  waves  of  con- 
choidal  form  only,  5x4. 

Ellipsoidal  aerial  systems  in  the 
Northern  Hemisphere,  com- 
plementary systems,  407 


Ellipsoidal  and  circular  forms  of 
natural  whirls  in  fluids,  326. 

—  great  whirl    system,  and    the 

effects  produced  on  meeting 
a  complementary  cool  whirl, 

459- 

—  sy^teras,  effect  of  their  direct 

impingement  in  the  Northern 
Hemisphere,  410. 

effect  of  the  direct  impinge- 
ment in  the  Southern  Hemi- 
sphere, 413. 

meeting  in  Polar  areas  less 

tempestuous  than  equatorial 
meetings,  410. 

Elliptical  orbits  engendered  by 
thermal  forces  in  aerial  fluids, 

335- 
Equal  space  oscillation  on  a  liquid 

surface,  diagram,  523. 
Equatorial  Atlantic  whirls,  369. 

—  conic  resistance  to  flowing  cur- 

rents, 424. 

—  current,    aerial    and    aqueous 

forces  combine  to  form,  356. 

—  drift  of  air  traced  in  its  course 

through  the  North  Atlantic, 

397- 

—  North  Atlantic  whirl,  361,  394. 

—  oceanic  systems,  centres  of  in- 

ertia, 380. 
whirls  represented  by  dia- 
gram, 425. 

—  overflowing  whirls,  conditions 

by  which  under  differences  of 
local  pressure  a  hurricane  is 
formed,  460. 

—  whirl    projections    the    ruling 

forces,     permanent      causes, 
388. 
Equilibrium  in  natural  fluid  sys- 
tems partially  restored  by  the 
action  of  tidal  forces,  433. 

—  of  a  loop,  or  wave  shown  by 

diagram,  478. 

—  of  a  particle  in  a  fluid  (motive), 

—  of  a  particle  in  a  fluid  (static), 

167. 

—  of  Atlantic  whirl  systems,  368. 

—  of  floating  solids,  283. 

—  of  forces  in  a  liquid  mass,  ex- 

periments by  M.  Plateau,  33. 

—  of  liquid  surface,  44. 

—  of  projection  and  of  resistance 

to  flowing  fluids,  311. 

—  of  whirl  resistance,  397. 

—  (unstable)  of  a  biwhirl  system  of 

projectile  fluid,  236. 
Equivalence  of  the  North  Atlantic 
and  North  Pacific  aerial  sys- 
tems, 399. 

—  of  circular  and  parallel   wave 

systems,  536. 
Evaporation  and  rainfall,  effects 
of    as    gravitation    systems, 

341. 

—  effects  upon  sea  water,  342. 

—  quiescent,  88. 

—  surface  of  theoretical,  diagrams, 

9x- 

—  of  water  upon  the  surface  of  the 

globe  considered,  331. 


Evidence  of  the  downflow  of  sur- 
face water  in  high  waves,  dia- 
gram, 517. 

Expanded  air,  and  its  position  with 
respect  to  denser  air,  434. 

Expansile  aerial  and  vapour  forces 
contant  over  equatorial  re- 
gions, 388. 

Expansion  of  air  in  tropical  re- 
gions, effects,  435. 

ball,  38. 

EXHBRIMKNTS  OF  OTHERS,  RE- 
FBRBNCE  TO. 

Experiment,  Andrews,  liquids  and 
gases,  6y,  82  ^. 

—  Arago    and   Fresnel,  constant 

increase  of  density  with  fall 
of  temperature  of  water,  xoj 

—  Bossut,  elevation  of  surface  of 

water  at  a  distance  from  out- 
flow, 278. 

—  Carpenter,  temperature  sound- 

ing. 343.  423  I  trough  experi- 
ment, 420. 

—  Coulomb,  viscosity  of  liquids, 

8  J,  27. 

—  Crookes,  gaseous  projection,  39: 

radiometers,  40. 

—  Descartes,  floating  needle,  47. 

—  D6sormes,  orifice  of  steam  jet, 

241- 

—  Despretz,  freering  in  fine  tubes, 

65  m. 

—  Donny,  vacuum  tube,  34  ;  vis- 

cosity of  water,  34  1,  34  a. 

—  Faraday,  evaporation,  22  r. 

—  Flaugergues,  waves  formed  by 

striking  water  with  a  rod, 
536 ;  dropping  stones,  537. 

—  Hachette,  air  pressure  at  ori- 

fice, 241. 

—  Herschel,  Sir  J.,  rainfall,  455. 

—  Melloni  and  Sir  R.  Christison, 

diathermacy  of  water,  342. 

—  Monge  and  Laplace,  capillar)*, 

68  a. 

—  Newton,  capillary,  68  c  :  conic 

resistance  of  fluids,  171  c; 
elasticity  of  air,  26  m;  homo- 
geneity of  liquids,  8</,  27;  os- 
cillation in  tube,  520. 

—  Plateau,  cohesion,  55 ;    oil  in 

dilute  alcohol,  34,  83 ;  radius 
of  molecular  attraction,  32. 

—  Reynolds,   Prof.    O.,  rudders. 

300;  whirl-rings,  199. 

—  Rumford,  Count,  gelatinity,  35, 

45^. 

—  Russell,  J.  Scott,  extensibility 

of  liquid  surface,  77  ;  traction 
of  liquids,  116  a;  waves,  472. 

—  Tait,  Prof.,  smoke-rings,  19)3. 

—  Thomson,  Sir  Wm.  and  James, 

of  freering  of  water,  65  m. 

—  Tyndall,  Prof,  mode  of  showing 

dissolution  of  the  centre  of  a 
block  of  ice,  19. 

—  Venturi,  cone  analysis  of,  238  ; 

lateral  traction  in  liquids,  iiu, 

135  *  . 

—  Young,  jets  of  smoke,  2x3.! 
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Fluid  systems,  communication  of 
motive  forces  or  presmres 
generally,  112. 

—  —  surface  action,  971. 
Fluids,  cohesive  under  tangential 

action,  352. 

—  deflection     of    flowing    force 

caused    by  conic    resistance, 
349. 

—  disposition  to  move  in  circular 

areas,  aja 

—  elastic  deflection  in,  63. 
rigidity  of,  34. 

—  gliding  and  rolling  contact  in, 

discussed,  132. 

—  homogeneity  of,  7. 

—  infinitely  mobile  systems  of  joint- 

ed matter,  134. 

—  inflection    by    forward    lateral 

resistance,  diagram,  249. 

—  in  free  motion  follow  the  most 

frictionless  course,  93. 

—  intermittent  action  made  evident 

by  singing  tubes,  366. 

—  involuted  systems  of,  157. 

—  lateral  rotation  of,  153. 

—  motive  resistances,  161. 

—  movement  towards  equilibrium 

with   surrounding  pressures, 

93 

—  normal  deflection  of,  under  ad- 

hesion, diagram,  353. 

—  polar  forces  in,  17. 

—  projection  of,  in  like  fluids,  x66. 

—  proposed  system  of  inflection, 

Z48. 

—  radial  velocities  of,  145. 

—  rolling  contact  of,  135,  139. 

—  sensitive  mobility  of  under  pres- 

sure, 37. 

—  transference  of  motive  forces 

from  particle  to  particle,  164. 
Fluidity,  causes  of,  3X,  57. 

—  never  perfect,  6g. 

—  of  bodies,  conditions  of,  3. 

—  of  liquids,  dependent  upon  cer- 

tain conditions,  20. 

Fluvial  valleys  indicate  courses 
of  vaporous  projection  from 
equatorial  impulses,  406. 

Focus  proposed  for  the  Northern 
Atlantic  aerial  system,  400. 

Forces  which  move  the  fluids  of 
the  globe,  326. 

Formation  of  an  island  in  a  river 
or  current,  352. 

land    areas    influenced    by 

oceanic  whirl  action,  375. 

Fracture  for  free  air,  angle  of  di- 
vergence, 307. 

—  in  a  fluid  or  homogeneous  mass, 

diagram,  177. 

—  of  solid  matter  applied  in  prin- 

ciple to  a  mobile  homogeneous 
mass  asstuned   for  a  liquid, 
508. 
Free  aerial  elastic  surface  forces, 
01. 

—  solids  in  extensive  fluids,motive 

resistance  to  the  projection  of, 
381. 
^Fumes  on  air,  rolling  contact  of, 
diagnun,  139. 


r^AS,  fluidity  of,  ri,  45. 

Gelatinity,   aerisU,    diagram, 

—  definition  of,  35. 

—  experimental  apparatus,  37. 
Genesis  of  waves,  469. 
Glass,  conic  splinter,  diagram,  183 

—  cone  projected  from  a  solid  disc, 

diagram,  i8x. 

secondary  plane  ofinfraction, 

diagram.  185.  ' 

—  pipes,  capillary  rise  of  water  in, 

68. 
Gliding  motions  about  a  ship,  dis-  ' 
cussed,  294.  I 

—  and  slipping  motions  of  fluids, 

possibility  of,  discussed,  121.    | 

—  and  rolling  contact  of  mobile  j 

bodies  compared,  133. 
Gravitation  active  in  wave  effects, 
468^. 

—  action  upon  the  surface  water 

of  a  wave  shown  experimen- 
tally, 517. 

—  aided  by  wind  force  in  breaking 

down  the  edge  of  a  hollow  in 
a  liquid  surface,  512. 

—  alone  assumed  active  in  restor- 

ing surface  equilibrium  where 
waves  are  formed,  515. 
Guiana  coast  airrent,  causes  of, 

357. 

Gulf  of  Mexico,  meeting  of  ellip- 
soidal systems,  diagram,  407. 

whirl  system  of,  409. 

Gulf  Stream  current  directed  back 
to  area  of  original  projection, 
372. 

its  action  as  a  dlffusional 

system,  367. 

formation  of,  365. 

its  connection  with  the  equa- 
torial whirl  system,  366. 


tJACHETTE'S  experiment 
with  a  disc  of  card  and  cylin- 
drical vessel,  241. 

Head  resistances  to  continuous 
flowing  fluids,  212. 

Heat,  action  of  upon  water  in  in- 
creasingand  decreasing  its  vol- 
ume, 339. 

—  expansion  and  cold  contraction 

considered,  419. 

—  expansions.   Joules'    important 

experiments,  337. 
of  natural  fluids  most  power- 
ful within  intertropical  areas, 
328. 

—  forces,  influence  of  the  obliquity 

of  the  globe  to,  30,  333. 
on  the  surface  of  the  glol)e, 

3a5- 

—  from  the  sun,  radiation  of,  its 

three  distinct  functions,  327. 

—  motions,  42. 

Heated  liquids,  extensile  surface 

of,  83. 
Height  to  which  waves  rise  in  a 

storm,  cause  and  effects,  5x1. 
Helical   deflecdon   of   whirls   in 

fluids,  3o> 


Helical  directions  taken  by  free 

particles    of    water    flowing 

through  a  pipe,  263, 
Hepatic  veins  in  the  human  liver, 

engraving  showing  liquid  dif- 

fasion,  315. 
Hcrschel  ,Sir  John^  accounts  fcr 

the  entire  motion  of  the  ocean, 

417. 
on  fluid  motions,  i  a. 

reference    to   the   principle 

of  air  motion  in  trade-winds. 

324- 

to  the  amount  of  rainfall 

at  different  heights,  455. 

suggestion  as  to  the  peri- 
odic difference  of  emission  of 
heat  from  the  sun,  464. 

theory    for    the   under  and 

overflow    of  aerial   currents, 

434- 
Hole  in  bottom  of  vessel,  angle 

l)etween  carrying  force  and 

resistance,  106. 
area  of  efflux  of  liquid 

from,  94. 
conditions  of  outflow. 

99<j. 
directive  force  values, 

107.  _ 
directive  influence  upon 

liquid  in  movement,  94. 

— efflux  forces,  103. 

elastic  forces,  lot. 

experimental       condi- 
tions, 109. 
gravitation     impulses, 

99-  _ 

interiorly  conic,  98. 

horizontal      impulses, 

95- 
—  —  oblique  impulses,  97. 

outflow  value  assigned, 

100. 

value  of  lateral  forces 

at  instant  of  issue,  ixo. 

velocity  of  issue,  106. 

Hollow  wave  formed  by  tangential 
impulse  of  surface  whirl  action, 
shown  by  figure,  491. 

Hollows,  by  the  principles  of  in- 
fraction, possess  powers  of 
propagation  in  an  opposite 
direction  to  the  wind,  dia- 
gram, 512. 

—  formed  by  light  w^inds  over  rip- 

pled water  by  the  impression 
producing  lateral  whirls,  495. 

—  in  a  liquid  surface,  results  of 

tangential  forces  active  upon 
such  surfaces,  506. 

—  move  forward  upon  a    liquid 

surface  by  consecutively  small 
planes  of  infraction,  507. 

—  scooped  out  by  impact  of  ^^-ind 

upon  aqueous  surface,  500. 
Homogeneous  systems  of  matter, 
conic  fractures   in,  diagram, 

175. 
Homogeneity  of  fluids,  7. 

Horizontal  compressions  upon  a 

liquid    surface   produce  pn.v 

tuberant  waves,  5x3. 
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Loop  formed  by  prewure  «t  the 
end  of  a  wire  in  a  groove, 
diagram,  475. 

«i^  or  wave,  equilibrium  0^  shown 
by  diagram,  478. 

• formed    in   water  by  a 

prasure  at  the  end  of  a 
innllel  channel,  diagram, 
47«. 

-• lineal  ratio  of  the  circum- 
ference to  the  chord  considered 
in  motions  of  displacement, 

Looped  system  borders  of  a  cur- 
rent explained  experimentally, 
diagram,  259. 

—  wave  systems,  473. 

|Lf  AMMILLARY  glands,  prin- 

*"  ^  dpie  influencing  the  de- 
velopment of,  3x6. 

Mass  or  concrete  system  separates 
by  tensile  force  in  one  plane 
only,  308. 

Matter  existing  b  a  gaseous  state, 
ao. 

Mechanical  demonstration  of  the 
semicylindrical  motion  of 
fluids,  149. 

Metal  rod  or  wire  taken  to  exem- 
plify the  eflfects  of  a  strain 
causing  firacture,  507. 

Meteorological  charts  show  eleva- 
tion of  waves  by  resistance  of 
coast,  503. 

Midcurrent.bi  whirls  of  the  oceanic 
fluid  system,  431. 

— '  represented  in  principle  by  ex- 
'  periment,  diagram,  43a. 

Minus  local  compressions  dissipate 
impressed  forces  to  equilib- 
rium, 506. 

Molule  fluid  sjrstems,  rolling  con- 
tact of,  135. 

Mobility  of  gaseous  fluids,  39. 

Molecular  bubbles,  diagram,  86. 

—  construction   of  a  liquid,   15 ; 

diagram,  35. 

—  friction  of  any  possible  moving 

fluid  matter,  479. 

—  surface  density,  89. 
displacements,  64. 

riding  action  of,  under  tan- 
gential dUplacement,  dia- 
gram, 489. 

—  symmetry  in  liquids,  39. 

—  tracdonal  force  of  water,-  ex- 

periment, 718. 

—  tumefoles,  89. 

Molecule  acting  impulsively  upon 
molecule  propagates  force  in 
fluids  to  a  distance,  468. 

Molecules,  attraction  of,  to  form 
mass,  diagram,  30. 

—  structure  of,  13. 
Momentiun  of  fluid  at  the  poles, 

equator,  and  intermediate 
spaces,  335  a. 

Monge's  theory  of  surface  mole- 
cules, 6a 

Monsoons  (north-westerly)  of  In- 
dia, causes  by  which  they  are 
engendered,  4ta 


Motions  of  fluids,  disposition  to 
move  in  drctilar  areas.  330. 

Motive  contact  of  any  material 
system  of  matter,  133. 

—  continuity  of  surface,  extensile 

strains  in  liquids,  77. 

—  directions  given  to  fluids  mov- 

ing  under  influence  of  solid 
resistances,  381. 

—  equilibriiun  of  a  particle  of  fluid, 

171. 
of  a  protuberant  wave,  478. 

—  involution  of  fluids,  158. 

—  resistances  in  fluids,  x6t. 

Mountainous  coimtry  on  the  west- 
em  coast  of  N.  America,  a  bar- 
rier to  aerial  currents  394. 

Mountains  situated  in  direct  flow- 
ing aerial  currents  deflect  such 
currents  upwards,  451  6. 

"M  EEDLE  floating  on  surface  of 
water,  diagram,  47. 

—  lifted  from  water,  diagram,  64. 
Nervous  matter  in  fine  nerves,  ter- 
minal fluid  projection,  317. 

Newton  on  capillary  action,  67. 

—  on  flowing  forces,  133. 

—  on  homogeneity  of  liquids,  8  d. 
Newton's    conditions    respecting 

conical  resistance  to  a  projec- 
tile fluid,  171. 

—  experiment  with  bent  tube  show- 

ing oscillation  with  pendular 

velocity,  530. 
Nipple  formed  by  reflex  action  of 

drops  on  surface,  539. 
North  Atlantic  Ocean  comparable 

with  South  Atlantic  in  size 

and  fonn,  393. 

equatorial  whirl,  360,  395. 

fluid  systems,  363. 

motion  about  its  centre  of 

inertia,  363. 
system,  Polar  minus  revolu- 
tion momentum  and  its  effects 

traced,  438. 
undercurrent  represented 

by  diagram,  430. 
whirl  systems,  361. 

—  Eastern  America.probable  cause 

of  the  intensely  cold  winters, 

409  ;f- 

—  Pacific  aerial  currents,  deflec- 

tion from  equatorial  impulse 
traced,  399. 

—  —  —  whirl  system,  397. 

—  Western  Europe, its  temperature 

at  the  decline  of  the  year  con- 
sidered, 387. 

monsoons  of  India,  possible 

cause  by  which  they  are  en- 
gendered, 410. 

Northern  areas,  annual  changes 
of  temperature,  466. 

—  Europe,  conditions  of  deteriora- 

tion in  temperature,  373. 

—  hemisphere,  aerial  systems  of, 

diagram,  40Z. 

terrestrial  land  systems  ap- 
proximately alike  in  opposite 
areas,  393. 

whU-l  system  of,  399. 


QBLIQUE  aerial  whiri  planes, 
^^  451 ;  diagram,  453. 

—  action  of  the  sun's  rays  accord- 

ing to  season  on  terrestrial 
areas,  389. 

—  and  vertiod    motions  both  in 

aerial   and  aqueous  systems 
established,  346. 

—  biwhirls  in  fluid  systems,  337. 

—  conic  areas  of  resistance  in  pipes 

and  parallel  spaces,  346,  348. 

—  impact  of  vrind  on  water  pro- 

ducing waves,  498. 

—  motive  planes  in  fluid  systems, 

430. 

Obliquity  of  the  axis  of  the  globe, 
influence  thereof  on  heat 
forces,  333. 

Obstruction  to  oceanic  circulation 
considered,  373. 

Ocean  surfaces  broken  up  into 
separate  motions  offer  less  re- 
sistance, 319. 

Oceans,  dimensions  of,  considered 
in  relation  to  prolongations  of 
continents  into  the  Southern 
Ocean,  374. 

—  drifting  on  their  western  bound- 

aries, 337. 
Oceanic  and  aerial  currents  per- 
sistent in  one  direction,  345. 

—  —  —  whirl  systems,  their  forms 

and    dimensions    compared, 

383. 

—  area  the  least  frictional  to  the 

impulses    of    aerial    tropical 
thermal  projections,  386. 

—  areas,  most  constant  direction 

of  lower  aerial  currents  in,  395. 

—  circulation  investigated  by  Prof 

Lenz,  417. 

Sir  J.   Herschel's  and  Dr. 

Carpenter's  opinions,  417. 

—  compared  with  fluviatile   cur- 

rents, 3S4. 

—  cumulative  directive  action  on 

fluid  systems,  389. 

—  currents  considered  as  power- 

fully erosive  forces,  374. 

subject  to  interference,  348. 

— •  section   through   the    Atlantic 

showing  temperature  depths, 

diagram,  433. 

—  systems  in  midcurrents,  4aa 

—  whirl  action,  its  influence  on 

the  formation  of  land  areas, 

375- 
Oil  and  water,  viscous  state  com- 
pared by  Coulomb,  37. 

—  upon  water    less   affected    by 

bite  of  wind,  503. 
Oscillation  (equal  space?  on  a  liquid 
surface,  shown  by  diagram, 

523- 

—  in  a  single  hollow  or  wave  main- 

tained by  some  exterior  force 
acting  vertically,  533. 

—  Newton's  tube  experiment,  53a 
Oscillatory  motions  induced  in  one 

part  of  a  liquid  surface  com- 
mumcate  like  oscillations  to 
other  parts,  53a. 
in  waves,  517. 
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Rigid  conoids  of  pemstion,  dia- 
gnxTif  24a. 

Rqn>les  produced  by  oblique  con- 
tact of  air  on  water,  495. 

Rise  of  water  in  glass  pipes,  New- 
ton's remarks  thereon,  68. 

Rivers  entering  oceans  or  lakes, 
conditions  of,  and  general  re- 
sultants, 347. 

Rod  or  wire,  compression  of,  to 
form  a  loop,  diagram,  474. 

Rolling  and  gliding  contact  in 
fluids,  132,  139. 

—  contact,  continuity  of,  ensured 

by  whirls  separating  drcura- 
ferentially,  308. 

evidence  inferred  by  result 

of  rapid  issue  of  liquid  through 
pipes,  358. 

in  fluids,  amplitudes  of  mo- 
tion of,  161. 

—  —  general  principles,  138, 

163. 

persistency  thereof,  990. 

—  — under  restraint,  255. 

slow  uniform  motions  on 

surface  of  water,  495. 

— stream,  diag^m,  146. 

the  velocity  of  a  liquid  flow- 
ing down  an  inclined  plain, 

152. 

—  contacts  of  midcurrents  deflect 

waters  upwards  and  down- 
wards, 42Z. 

— >  of  liquid  on  an  inclined  plane, 
diagram,  159. 

Rotation  of  a  fluid  about  a  solid 
protected  from  the  direct  im- 
pulse of  a  cturent,  330. 

—  of  fluids,  197. 

lateral,  experimental  evi- 
dences of,  155. 

—  — shown  by  diagram,  154. 

—  —  the    globe,    cfiiects    arising 

from,  335,  337. 
Rotadonal  fluid  systems  bordering 
conic  areas,  238. 

—  influences  on  motive  surface  of 

water,  diagram,  486. 
Rotary  heat  engine,  principles  of, 
shown  by  Dr.  Carpenter's  ex- 
periments, 430. 

—  incipient  whirl  systems  formed 

in  the  equatorial  system,  425. 

—  motion  of  drops  issuing  from 

a  small  hole  or  tube  ex- 
plained by  diagram,  261. 

—  particle  of  air  in  contact  with  a 

liquid  surface,  diagram,  492. 

—  systems  engendered  by  effects 

of  powerful  equatorial  forces, 

356. 

Rudders  of  ships  and  vessels, 
whirl  action  upon,  diagram, 
30X. 

Rumford's,Count,experiment  with 
floating  needle,  35,  47. 

Russell's,  Mr.  J.  Scott,  experi- 
ments of  the  velocity  of  a  com- 
presstle  wave,  484. 

—  —  —  — important  discovery  re- 

specting a  protuberance  raised 
upon  neater  surfaces,  77. 


Russell's,  Mr.  J.  Scott,  observation 

on   the  values  of  tractional 

forces,  XI 6. 
— researches  showing  the 

increase  and  decrease  of  bulk 

upon  a  liquid  in  equilibrium, 

472  m. 
velocity  of  surface 

waves,  537. 
wave  o/iraHslatioHt\n 

researches  on  liquid  motion, 

480. 

C  ALINITY  of  oceanic  water  as 
influencing  gravitation  circu- 
lation. 342. 

Sea  breezes  produced  by  the  tan- 
gential force  of  upward  aerial 
currents,  456. 

Sea-coasts  warmer  in  winter  than 
inland  positions,  causes,  457. 

SeasonyCausesoflocal  changes,463. 

Secondary  aerial  biwhirls  formed 
by  tangential  forces,  446. 

—  oceanic  whirl  systems,  363, 377. 

—  vaporous  biwhirls,  442. 
Segner's  ideas  of  hydrostatic  pres- 
sure, 54. 

Semicylindrical  motion  of  fluids, 
system  proposed,  diagram,  148. 

—  whirls  formed  from  the  outflow 

of  a  river  into  deep  water,  352. 
Sensitiveness  of  liquids  under  pres- 
sure, 27,  43. 
Serrated  edges  of  leaves  engender 

cones  of  resistance  inducing 

whirl  motions,  321. 
Shading  influence  of  one  wave  to 

the  next  upon  oceanic  surface, 

diagram,  501. 
Ships,  gliding  of  water  impossible 

about  the  same,  294. 
Siberian  aerial  systems,  412. 
Slipping  or  gliding  motions  in  fluids 

discussed,  121. 
Smoke    issuing    from    funnel    of 

steamboat,  illastrated,  139. 
Smoke-ring  apparatus,  ProfTait's, 

diagram,  198. 

—  threaded  on  a  billiard  cue,  dia- 

gram, 204. 

—  motive  forms,  diagram,  222. 
Soap-bubbles,  conditions  of  forma- 
tion, 87. 

Solid  conic  areas,  motions  of  fluids 
in,  235. 

—  head  resistance  to  fluids,  dia- 

gram, 221. 

—  projections,  whirl  actions  about 

the  same,  384. 
South  Atlantic  equatorijU  current, 
northern  deflection,  cause  of 
acceleration  in  velocity,  364. 

—  —  Ocean,  circulation  by  rota- 

tion, illustrated  by  experiment, 

338. 

—  —  —  configuration  comparable 

with  the  Northern  in  size  and 
form,  393. 
whirl  systems  of,  357,  370. 

—  eqtiatorial  oceans  projected  from 

centres  illustrated  by  diagram, 
377. 


Southern  aerial  systems,  404. 

—  Ocean — whirl  systems,  373. 

—  trades,  397. 

Splitting  action  of  conic  resistance 

in  fluids,  215. 
Specific  density  of  water,  diagram. 

Static  equilibrium  of  a  molecule, 

particle  in  an  open  fluid, 

167. 

Staubach  Falls  in  Switzerland, 
causes  of  detachment  into 
spray  of  fine  drops,  76. 

Steady  winds  become  intermittent 
in  passing  over  a  wavy  sur- 
face, 500. 

Steam  at  high  pressure  issuing 
from  a  large  hole,  Clement 
Desorme's  observations,  241. 

Steering  of  screw  steamers,  refer- 
ence to  paper  by  Prof.  Rey- 
nolds, 300. 

Storm  action,  theoretical  diagram. 

Stormy  seas,  conditions  under 
which    such    are    produced. 

Stream,  projected  into  the  ocean 
represents  at  all  times  biwhirl 
generating  force,  348. 

—  rolling  contact  of,  146. 

—  section  of  a,  important  in  engin- 

eering works,  354. 
Summer  and  winter  temperatures, 

production  thereof,  334. 
Sun's  annual  heating  influences 

discussed    as   suggested    by 

Herschel.  328,  464. 

—  direct  rays  cause  expansion  of 

the  air,  conditions,  434. 

—  heat,  and  earth's  rotation,  prin- 

ciple  generative    sources    of 

motion  in  cosmic  fluids,  325. 
Supply  currents,  aerial,  maintained 

with    greatest    facility    from 

higher  altitudes,  4x6. 
and    the  conditions  under 

which  they  are  establbhed, 

4»3- 
Surface  action  in  fluids,  271. 

—  attractive  forces,  69. 

—  deflections,  489. 

—  displacements   on    the   globe. 

horizontal,  491. 

—  extensibility    of    liquids,    dia- 

gram, 45,  50.  60. 

—  forces,  elasticity  of,  59. 

—  molecules,  Monge's  theory  of, 

60. 

—  motions  of  fluids  in  the  Northern 

Atlantic  considered,  36a 

—  of    the    globe,    configuration 

modified     by     astronomical 
causes,  466. 

—  resistances    in    aerial    fluids, 
272. 

—  tension  of  a  mass  system,  32. 
Surfaces,  aerial,  of  free  liquids, 

130- 
Symmetrical  structure  of  matter, 

4X. 
Symmetry  of  liquid  systems,  28. 
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Vibiation  of  a  fine  stream  of  liquid 

compared    with  the   annular 

markingoftheearth-vronnp263. 

—  ot  the  floMring  system  in  fluids 

induces  a  continuity  of  rotary 
systems,  320. 

Vi»«-tergo  action  in  liquids,  dis- 
cussed, lao. 

Vttcosity  of  fluids.  Coulomb's  ex- 
periments, 8. 

Volcanic  forces,  influences  not 
taken  into  consideration,  379. 

Volcanoes,  extensions  therefrom, 
92. 

Vortex  motion  in  fluids,  analysis  of, 
chapter  V.,  commfncing  x66. 

IITATER,  action  of  heat  upon, 
in  increasing  and   decreas- 
ing its  temperature,  339. 

—  and  air,  reciprocal  action  of. 

special  qualities  of,  34. 

—  cannot  slip  or  glide  upon  .itself, 

shown  by  experiment,  391. 

—  courses,  conservancy  of,  causing 

deposition  of  alluvial  matter 
in  lateral  parts,  353. 

—  deflected  from  the  bows  of  a 

boat  by  whiri  force,  286. 

—  eminently  athermous,    experi- 

ments of  Melloni  and  Sir  R. 
Christison,  343. 

—  evaporation  of  upon  the  sur- 

&ce  of  the  globe  considered, 

—  experiment  showing  rollbg  con- 

tact on,  i^. 

—  falling  into  a  hollow  upon  a 

liquid  sur&c^  active  condi- 
tions considered,  51a 

—  flowing  down  a  vertical  surface 

and  producing  ripples,  320. 
— its  structural  solidity  considered , 

—  poured  from  a  mug  shovring 

traction  of  liquids,  Z17. 

—  sui&ce,  motive  overflow,  dia- 

gram, 525. 

—  the  least  frictional   for  aerial 

forces  to  carry  their  impulses, 
340* 

Waterspouts  may  be  produced  by 
cyclonic  action  m  certain  cases, 
463. 

Wave  biwhiri,  infraction  of,  repre- 
sented by  diagram,  5x6. 

—  infractile,  double  curvature  of, 
'  diagnm,  513. 

-~  infraction  of,  when  above  con- 
choidal  equilibrium,  5x3. 

—  large,  divided  by  infractions, 

515. 

—  motions  suggested  by  M.  Flau- 

gergucs  to  be  caused  by 
liquids  slipping  down  into 
hollows^  509. 

—  moved  by  a  force  at  the  surface, 

485. 

—  obienrad,  sketched  from  nature, 

reptatented  by  diagram,  5x2. 

—  ci  tiiMHhrion,  term  applkd  by 

Bfr.  J.  Saokt  Russell,  48a 


Wave  or  loop  formed  in  water  by  a 
pressure  at  the  end  of  a  par- 
allel    channel,     experiment, 

476. 

—  protuberant  motive  equilibrium 

of,  478. 

—  systems,  looped,  473. 
Waves,  amplitudes  of,  under  tan- 
gential action,  491. 

—  and  the  height  to  which  they 

rise  in  a  storm,  cause  and 
eflfects  considered,  51  x. 

—  are  caused  by  any  possible  mo- 

tion in  water,  that  disturbs  the 
surface,  467. 

—  at  complete  formation  are  in  a 

state  of  dissolution  to  form 
the  hollows  of  other  waves, 

S»3- 

—  compressile,  477. 

—  conchoidal,  diagram,  481. 
velocity  of,  483. 

—  deep,  formed  by  horizontal  com- 

pression, 473. 

—  dust,  formed  by  wind,  diagram, 

497- 

—  engendered  by  increase  or  de- 

crease of  bulk  upon  a  liquid, 
472. 

—  free,  formation  of  a  conchoidal 

s>'stcm,  limits  of  compression, 

483  f- 

—  genesis  of,  469. 

—  infraction,   duplication  of,  re- 

presented by  diagram,  518. 

—  lineal,  ratio  of  the  circumfer- 

ence to  the  chord,  479. 

—  oscillatory  motions  in,  5x7. 

—  superficial,  surface  movement 

under  cohesive  restraint  of 
deeper  water,  486. 
Western  aerial  drifts  from  ther- 
mal effects  increase  with  ele- 
vation above  the  earth's  sur- 
face, 451. 

—  equatorial  drift  over  N.  and  S. 

Atlantic  considered,  356. 

—  shores  of  Spain,   France,  and 

the  British  Isles,  bathed  by 

warm  currents,  429. 
Whirl  action  on  rudders  of  vessels, 

301. 
over  water,  494. 

—  actions,  about  solid  projections, 

287. 

—  aerial,  of  the  North  Pacific,  397. 

—  —  systems  induced  by  tangen- 

tial force,  439. 

—  and    biwhirl     projections     in 

oceanic  systems  generally  take 
certain  elements  of  obliquity, 
43a. 

—  areas  in  fluid  systems,  231. 

—  deflection     under     tangential 

action  of  a  liquid  surface  re- 
presented by  diagram,  490. 

—  deflections  in  fluids,  277. 

—  discs,  formation  of,  by  tangen- 

tial action  of  a  current,  311. 

—  forces,  cosmic,  eddies,  &c.,  354. 

—  great   oceanic,  circumscribing 

the  northern  system  defined, 
37a. 


Whiri  motion  in  water,  experiment 
showing  principle  of,  37a 

—  motions,  effects  observable  in 

all  open  spaces  lateral  to  great 
equatorial  cturents,  356. 

—  motions,  principle  of,  applied 

to  the  ascent  and  descent  in 
cyclones  and  anticylonic  areas, 
462. 

—  oscillation,  diagram  represent- 

ing the  reflex  action  of  the 
surface  water,  519. 

^plane,   oblique,  proposed    for 

the  N.  Atlantic,  represented 
by  diagram,  452. 

—  projection  in  fluids,  219,  291. 
amplitude  of,  293. 

—  resistance  in  fluids,  equilibriiun 

and  reaction  of,  297,  399. 

—  system,  definition  of  parts,  X34. 
its  formation  in  an  equatorial 

ocean  as  a  broad  band,  380. 

—  systems,    aerial    induced    by 

tangential  force,  439. 

established  in  hollows,  open- 
ings and  pores,  32a 

in    aerial   fluids   compared 

with  oceanic  systems,  383. 

—  —  induced  by  inward,  upward, 

and  overflowing  exterior  forces, 
440. 

—  —  largest  whirls  described  in 

N.  Atlantic,  S.  Atlantic,  and 
Indian  Ocean,  362. 

—  —  North  Atlantic,  365. 

of  the  Gulf  of  Mexico,  409. 

of  the  N.  Atlantic  taken  in 

composition  with  imdcrctu'- 
rent  density  systems,  431. 

—  —  of  the  northern  hemisphere, 

399- 
secondary  oceanic  whirls, 377. 

—  theory  of  fluids,  Bossut's  ex- 

periment illustrated  by  dia- 
gram, 280. 
Whirl-ring,  section  shown  by  fig- 
ure, Z98. 

—  system  in  fluids  represented  by 

diagram,  X95. 

—  systems,  formation  of,  3x2. 
Whirl-rings  developed  by  a  fine 

stream  of  liquid  projected 
down  a  larger  column,  264. 

—  projected  over  a  solid  object, 

diagram,  203. 

Whirls,  aerial,  vertical,  437. 

formed  against  direct  im- 
pulse from  fluid  displacement 
produced  by  thermal  forces, 

325-  . 

—  Atlantic  equatorial,  369. 

—  continuity  of  rolling  contact  en- 

sured by  circiunferential  sep- 
aration,  308. 

—  enlargement  of,  downwards  and 

upwards,  228. 

—  established  in  area  of  repose  or 

protection,  319. 

—  formation  thereof  in  relation  to 

slow,  moderate,  or  rapid  pro- 
jection of  solids,  296. 

—  formed  at  the  angles  of  pipes, 

illustrated,  333. 
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